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IMPORTANT NOTICE 


Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor 
- product or service without notice, and advises its customers to obtain the latest version of relevant information 
to verify, before placing orders, that the information being relied on is current. 


TI warrants performance of its semiconductor products and related software to the specifications applicable at 
the time of sale in accordance with Tl’s standard warranty. Testing and other quality control techniques are 
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each 
device is not necessarily performed, except those mandated by government requirements. 


Certain applications using semiconductor products may involve potential risks of death, personal injury, or 
severe property or environmental damage (“Critical Applications”). 


Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED 
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER 
CRITICAL APPLICATIONS. | 


Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of TI 
products in such applications requires the written approval of an appropriate TI officer. Questions concerning 
potential risk applications should be directed to TI through a local SC sales office. 


In order to minimize risks associated with the customer’s applications, adequate design and operating 
safeguards should be provided by the customer to minimize inherent or procedural hazards. 


Tl assumes no liability for applications assistance, customer product design, software performance, or 
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either 
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property 
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products 
or services might be or are used. 


Copyright © 1995, Texas Instruments Incorporated 


INTRODUCTION 


Texas Instruments (TI) is pleased to introduce our 1995 product families of 
high-performance networking products and related devices. The families of ATM, 
SONET/SDH, and Ethernet™ devices are named with the prefix TNET. The token-ring, 
bus-logic, and FIFO families keep their current naming conventions. 


The 1995 networking product portfolio demonstrates robust introductions in token ring and 
Ethernet, as well as aggressive new product rollouts in advanced technologies such as 
100Base-T, 100VG-AnyLAN, and ATM. These are complemented by highly integrated 
products for SONET/SDH, T3, E3 and other wide-area network interfaces. TI is investing 
heavily in and will continue to deliver leading technology, innovation, products, and support 
for the networking market. 


Networking Architectures 


TI has developed the following networking architectures that form the foundation for our 
approach to networking in the 1990s: 


@® ThunderLAN —- A single architecture to address 10Base-T, 100Base-T, and 
100VG-AnyLAN protocols. This flexible architecture addresses multiple price/ 
performance points with very high performance. 


@ ThunderCell—The ATM architecture for a family of products that addresses both local- 
and wide-area network solutions. ThunderCell provides conformance to standards, 
leadership cost/performance, and an evolutionary path from legacy LANs to ATM 
networks. 


® T1380 Token Ring — The leading token-ring chipset family. TI! will continue to invest in 
T1380 for PCI compatibility, integration, and enhancements to support newer-switched 
services. 


@ WAN Access —- SONET/SDH, T3, and E3 devices for WAN access. As public and 
private networks begin to merge, the ability to connect the WAN to the LAN is becoming 
increasingly important. Tl is committed to developing solutions to enable an easy 
migration from LAN to WAN and from WAN to LAN. 


These architectures represent innovative solutions for network requirements today and will 
continue to receive aggressive investment from TI, along with major networking companies 
in the future. The flexibility and scalability of network functions, possible with the Thunder 
series, is unique in the industry. 


This data book is a collection of several product lines designed for the networking 
environment. In addition to our ATM, SONET/SDH, Ethernet™, and token-ring products, Tl 
has included information on FIFOs, bus interfaces, and logic products typically used in 
today’s network systems. This makes it easier for our customers to have the necessary 
information to design their systems. Application notes, where appropriate, have also been 
included. 


Ethernet is a registered trademark of Xerox Corporation. 
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_ For more information on Tl’s networking products, please contact your local TI field sales 


office or authorized distributor. 


For data sheets, application reports, board schematics, and questions and answers on Tl’s 
ATM and SONET/SDH products, you can contact the ATM Marketing Group at: 


*4ATM@timsg.csc.ti.com or on the Internet at 
http:/Awww—mkt.sc.ti.com/sc/docs/schome.htm 


_ For the latest information on Tl’s token-ring and Ethernet solutions, please send E-mail to: 


ti880hot@micro.ti.com or fax to 71 3-274-4027 


This support hotline can provide data sheets, application notes, schematics, and answers 
to product specific questions. Also, a free monthly electronic newsletter T1380 Tech Tips, 
is available. To subscribe, forward your E-mail address to: 


ti880hot@micro.ti.com with a request for TI880 TECH TIPS 


PRODUCT STAGE STATEMENTS 


Product stage statements are used on Texas Instruments data sheets to indicate the 
development stage(s) of the product(s) specified in the data sheets. 


If all products specified in a data sheet are at the same development stage, the appropriate 
statement from the following list is placed in the lower left corner of the first page of the data sheet. 


PRODUCTION DATA information is current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. Production processing 
does not necessarily include testing of all parameters. 


ADVANCE INFORMATION concerns new products in the sampling or preproduction phase 
of development. Characteristic data and other specifications are subject to change without 
notice. 


PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are design goals. Texas 
Instruments reserves the right to change or discontinue these products without notice. 


If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first 
statement below is placed in the lower left corner of the first page of the data sheet. Subsequent 
pages of the data sheet containing PRODUCT PREVIEW information or ADVANCE 
INFORMATION are then marked in the lower left-hand corner with the appropriate statement 
given below: 


UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information 
current as of publication date. Products conform to specifications per the terms of Texas 
Instruments standard warranty. Production processing does not necessarily include testing 
of all parameters. 


ADVANCE INFORMATION concerns new products in the sampling or preproduction phase 
of development. Characteristic data and other specifications are subject to change without 
notice. 


PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are design goals. Texas 
Instruments reserves the right to change or discontinue these products without notice. 
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EXPLANATION OF FUNCTION TABLES 


Ls Ie a De aa A NN I Oe 0 ESP a ee Ee SP a NN cy a Ev EET oO I) 
The following symbols are used in function tables on TI data sheets: 


i) i 


OlO FN x 


© 
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re ia 
pis ES oe 
Toggle 


high level (steady state) 

low level (steady state) 

transition from low to high level 

transition from high to low level 

value/level or resulting value/level is routed to indicated destination 
value/level is re-entered 

irrelevant (any input, inciuding transitions) 

off (high-impedance) state of a 3-state output 

the level of steady-state inputs A through H respectively 

level of Q before the indicated steady-state input conditions were established 


complement of Qo or level of Q before the indicated steady-state input 
conditions were established 


level of Q before the most recent active transition indicated by J or T 
one high-level pulse 
one low-level pulse 


each output changes to the complement of its previous level on each active 
transition indicated by 1 or T 


If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid 
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output 
persists so long as the input configuration is maintained. 


If, in the input columns, a row contains H, L, and/or X together with T and/or J, this means the output is valid whenever 
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state 


levels. If the output is shown as a level (H, L, Qo, or Qo), it persists so long as the steady-state input levels and the 
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown as a pulse,-J-L or LT , the pulse follows 
the indicated input transition and persists for an interval dependent on the circuit.) 
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EXPLANATION OF FUNCTION TABLES 





Among the most complex function tables are those of the shift registers. These embody most of the symbols used 
in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift register, e.g., 
type SN74194. | 


FUNCTION TABLE 


| INPUTS OUTPUTS _—isf 
| MODE _ SERIAL PARALLEL 
CLEAR CLOCK Qa, Qp A aD 
sso (err RIGHT [AB CD 




















seszzzze|B 


i rr a EE 
mm" mm TF Tt Tt kK SK 
x7 70777->fF SX 
x K—~ KX rte K XK 
<x <x Kx reiiéieoé;K x 
<x KK roto XzK XK 
Ix <* <X¥ re Zax xio 





The first line of the table represents a Synchronous clearing of the register and says that if clear is low, all four outputs 
will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect. 


The second line shows that so long as the clock input remains low (while clear is high), no other input has any effect 
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low 
was established. Since on other lines of the table only the rising transition of the clock is shown to be active, the second 
line implicitly shows that no further change in the outputs will occur while the clock remains high or on the high-to-low 
transition of the clock. 


The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are both 
high then, without regard to the serial input, the data entered at A will be at output Qa, data entered at B will be at 
Qp, and so forth, following a low-to-high clock transition. 


The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input 
and the shifting of previously entered data one bit; data previously at Qa is now at Qpz, the previous levels of Qp and 
Qc are now at Qc and Qp, respectively, and the data previously at Qp is no longer in the register. This entry of serial 
data and shift takes place on the low-to-high transition of the clock when S1 is low and SO is high and the levels at 
inputs A through D have no effect. 


The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left serial 
input and the shifting of previously entered data one bit; data previously at Qp is now at Qa, the previous levels of 
Qc and Qp are now at Qp and Q¢, respectively, and the data previously at Qa is no longer in the register. This entry 
of serial data and shift takes place on the low-to-high transition of the clock when $1 is high and SO is low and the 
levels at inputs A through D have no effect. 


The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line, the 
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs 
low was established. 


The function table functional tests do not reflect all possible combinations or sequential modes. 
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS 





It is normal TI practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic symbol 
based on the assumption of true data (D) inputs. Outputs that produce data in phase with the data inputs are called 
Q and those producing complementary data are called Q. An input that causes a Q output to go high or a Q output 
to go lowis called preset (PRE). An input that causes a Q output to go high or a Q output to go lowis called clear (CLR). 
Bars are used over these pin names (PRE and CLR) if they are active low. 


The devices on several data sheets are second-source designs, and the pin name conventions used by the original 
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuits D and Q. 


In some applications, it may be advantageous to redesignate the data input from D to D or vice versa. in that case, 
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the 
graphical symbols. Arbitrary pin numbers are shown. 


U 
Bs) 
oO m 





@) 
rm 
a 


LATCH LATCH 


R 
CL 


uU 
A im 


Pe 





Q 
- 
pt 


FLIP-FLOP FLIP-FLOP 


The figures show that when Q and Q exchange names, the preset and clear pins also exchange names. The polarity 
indicators (.) on PRE and CLR remain, as these inputs are still active low, but the presence or absence of the polarity 
indicator changes at D (or D), Q, and Q. Pin 5 (Q or Q) is still in phase with the data input (D or D); their active levels 
change together. 
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THERMAL INFORMATION 





In digital-system design, consideration must be given to thermal management of components. The small size of the 
small-outline package makes this even more critical. Figure 1 shows the thermal resistance of these packages for 
various rates of air flow. 


The thermal resistances in Figure 1 can be used to approximate typical and maximum virtual junction temperatures. 
In general, the junction temperature for any device can be calculated using using the following equation: 


where: 
Ty = virtual junction temperature 
Roya = thermal resistance, junction to free air 
Py = _ total power dissipation of the device 
Ta = free-air temperature 


JUNCTION-TO-AMBIENT THERMAL RESISTANCE 
VS 
AIR VELOCITY 


a i 14-Pin D Package 
: | 
| 16-Pin D Package 
WIZ 20-Pin DW Package 
NSC 7 248 BW Package 
LK AER Z 24-Pin DW Package 


Wino : DL Package 





Ro JA —Yunction-to-Ambient Thermal Resistance — °C/W 


Air Velocity — ft/min 
Figure 1 


Derating curves for 210-mil shrink small-outline package are shown in Figures 2 through 5. 
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THERMAL INFORMATION 





P,, - Maximum Power Dissipation -mW 


Pp, — Maximum Power Dissipation - mW 





DERATING CURVES FOR 210-MIL SHRINK SMALL-OUTLINE PACKAGE (DB) 


1200 
ne er TT | 


700 | 
600 pop 





25 30 35 40 45 50 55 60 65 70 75 80. 85 90 
Ta — Free-Air Temperature — °C 


Figure 2 


jzopin | | | | 
2200 |— , , : 
sooo TT tincar sec 






00 — 
Bese 
a= 


0 
25 30 35 40 45 50 55 60 65 70 75 80 8 
Ta — Free-Air Temperature — °C 


Figure 4 
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P,— Maximum Power Dissipation - mW 


P, — Maximum Power Dissipation —- mW 
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Air Velocity 
(linear m/sec) 


0 
25 30 35 40 45 50 55 60 65 70 75 80 85 90 


Ta — Free-Air Temperature — °C 


Figure 3 


Air Velocity 
(linear m/sec) 


0 
25 30 35 40 45 50 55 60 65 70 75 80 85 90 


Ta —Free-Air Temperature — °C 


Figure 5 
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TNETA1500 
155.52-MBIT/S SONET/SDH ATM RECEIVER/TRANSMITTER 


SDNS021B — MARCH 1994 — REVISED JANUARY 1995 





®@ Single-Chip Receiver/Transmitter for ® Generates Alarms for: 
Transporting 53-Byte ATM Cells Via — Loss of Incoming Serial Signal (LOS) 
STS-3c/STM-1 Frame (155.52 Mbit/s) — Out of Frame (OOF) 

@ On-Chip Analog Phase-Locked Loop ~ Loss of Frame (LOF) 


B1-Byte Parity Error (B1ERR) 


(APLL) Provides: 
Loss of ATM Cell Alignment (LOCA) 


— Recovery of Receive Clock From 


Incoming Serial-Data Stream — Line Far-End Receive Failure (LFERF) 
— Transmit Clock Generation From — Receive Loss of Pointer (LOP) 
External 19.44-MHz Clock Source — Line Alarm Indication Signal (LAIS) 
@ Inserts and Extracts ATM Cells Into/From ¢ Meets ATM Forum ATM User-Network 
SONET/SDH STS-3c/STM-1 SPE Interface Specification Requirement 
@ Detects Multiple-Bit Errors and Corrects ¢ BiCMOS Device Packaged in 144-Pin 
Single-Bit Errors in the 5-Byte ATM Plastic Quad Flat Package (PQFP) 


Headers of Incoming ATM Cells 


description 


The synchronous optical network (SONET)/synchronous digital hierarchy (SDH) asynchronous transport mode 
(ATM) line-interface receiver/transmitter provides a single-chip implementation for transporting ATM cells over 
the SONET/SDH network at the STS-3c/STM-1 rate of 155.52 Mbit/s. This device provides all the functionality 
required to insert and extract 53-byte ATM cells into/from a STS-3c/STM-1 synchronous payload envelope 
(SPE), including clock recovery and clock generation using analog phase-locked loops (APLL). 


On the receive side, the TNETA1500 accepts 155.52-Mbit/s serial data, recovers the embedded clock signal, 
performs SONET/SDH frame alignment and serial-to-parallel conversion, identifies the SONET/SDH payload, 
and establishes the ATM-cell boundaries. The ATM cells are extracted from the payload, descrambled, and 
passed to the receive output FIFO for output to the next device (e.g., areassembly device). On the transmit side, 
complete 53-byte ATM cells are placed into the transmit input FIFO, scrambled, and inserted into an 
STS-3c/STM-1 SPE. The SONET/SDH frame is scrambled and converted to a serial-data stream for output. 
An APLL is used to generate the 155.52-MHz output clock from a low-speed 19.44-MHz oscillator, eliminating 
the need for a high-speed 155.52-MHz oscillator. 
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PCM PACKAGE 
(TOP VIEW) 


CRCAP (4 I GND 
AGND Co —F2vcc 
AGND co — RESET 
AVCC C= c= TEST4 
RSDT Co r— TEST3 
RSDC Co [—) TEST2 
AVEC C— -— FLB 
AGND C4 [I TLB 
AGND Co = CKGENBP 

CGCAP F— CKRECBP 
Avcc [—) CLKLOOP 
TXREFCK [— LOF 
TXHCKT C4 r— GND 
TXHCKC Co I Vcc 
TSDT Co [—. 8KHZREF 
— TSDC 7 OOF 
TSCT 7 Los 
TSCC Co =} GND 
AVCC CO —J VCC 
AGND (+4 [—). B1ERR 
SDHENABLE [ EI LOCA 
OE Cc F= LFERF 
TESTO Co PJ LAIS 
TEST1 r—) LOP 
TXAF -—) RCKI 
GND Co -— RRE 
TXCELL CS [— RXFE 
TWE Co [) RXCELL 
TCKI C4 -—] LOSRD 
GND Co [— GND 
Veco f— Vcc 
TDO CS a tc 
Tot co 7 NC 
To2 E> NC 
TD3 Co aa NC 
GND Co =) GND 





UUUUUUUUUUUUUUUUUUUL 
SR 8RE 829999899999 898 
SP eee > > 6 > oa 


NC — No internal connection 
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TNETA1500 
155.52-MBIT/S SONET/SDH ATM RECEIVER/TRANSMITTER 


SDNS021B —- MARCH 1994 — REVISED JANUARY 1995 


functional block diagram 















CRCAP Receive Operation 
vain 0.1-uF Capacitor 
ELB = Connected Externally Lor 
8KHZREF LOF LOS OOF B1ERR LAIS | LFERF LOSRD LOCA 
RSDT 
weal 2 RDO-RD7 
RSDC Framing and eee he E sare RCK! 
CKRECBP Serial-to-Parallel ys ia Sanat RXCELL 
Conversion nan and RRE 
RSCT Generation BS eae RRE- 
RSCC a RXFE 
CLKLOOP mE 
OE A0-A7 
READY 
Controller RD/WR 
RESET Interface > INTR 
SEL 
FLAGT 
FLAGC 
, | =f 128 
ee = | ATM-Cell Senses 
TSDC Parallel-to-Serial and Scrambling TCKI 
TSCT Conversion B1-Parity +<—— anid TXCELL 
: TWE 
TSCC Generation Cell Insertion pede 
TXAF 
TLB Transmit Operation 
oe SDHENABLE 
TXREFCK Clock CGCAP 
TXHCKT Generation | 
TXHCKC 0.1-yF Capacitor 





Connected Externally 
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detailed description 


transmit operation 


The transmit-cell interface consists of the byte-wide input data (TDO-TD7), input clock (TCKI), start of ATM-cell 
input (TXCELL), transmit write-enable input (TWE), and transmit-input FIFO almost-full output (TXAF). Input 
data is clocked into the TNETA1500 on low-to-high transitions of TCK] when TWE is low. The transmit-input 
FIFO almost-full flag (TXAF) goes active when the transmit FIFO is within five bytes of filling up (the FIFO holds 








_ three complete ATM cells). 


The 48-byte information field of the ATM cell is scrambled using a self-synchronizing scrambler polynomial of 
x43 + 1 to improve the efficiency of the cell-delineation procedure. At startup, the scrambler is initialized to an 
all 1s state. The five-byte ATM header is not scrambled at this step. The TXCELL input identifies the first byte 
of the ATM cell and disables the scrambler. The input data is stored in the transmit-input FIFO and multiplexed 
into the SONET/SDH payload after all 53 bytes have been received. If the FIFO does not contain 53 bytes of 
information at the start of a cell-insertion cycle, an idle or unassigned cell is sent dependent on the status of the 
control registers. An idle cell is defined as an ATM cell with the 5-byte header set to 00 00 00 01 52 (hex) and 
the 48-byte payload set to 6A (hex). An unassigned cell is defined as an ATM cell with the 5-byte header set 
to 00 00 00 00 55 (hex) and the 48-byte payload set to 6A (hex) (see the controller interface section for more 


_ information on the operation of the control registers). 


The transmit section calculates the header-error check (HEC) byte in the ATM header by default. This implies 
that the fifth byte of the ATM cell that is input through the transmit-cell interface is ignored. The HEC byte is 
calculated in accordance with the ANSI T1.624-1993 and CCITT recommendation |.432. This feature can be 
disabled by setting a bit in the control register. 


The transmit operation can be programmed to send either a SONET STS-3c frame or a SDH STM-1 frame. 
When the SDHENABLE input is low, a SONET STS-3c frame is transmitted. When the SDHENABLE input is 
high, a STM-1 frame is transmitted. For both the STS-3c and STM-1 frames, the location of the J1 byte in the 
path overhead is fixed; the J1 byte always comes after the third C1 byte of the transport overhead (this is known 
as location 522). The data-communication channels (D1 through D12 bytes) in the transport overhead (TOH) 
are set to a hex value of FF 00 00. The values for the transport- and path-overhead bytes for both a STS-3c frame 
and a STM-1 frame are given in Table 1. 
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transmit operation (continued) 


Table 1. Transmit Transport-Overhead and Path-Overhead Bytes 


a 
VALUE WHEN VALUE WHEN 
OVERHEAD BYTE SDHENABLE = LOW SDHENABLE = HIGH 
1111 0110 (F6h 1111 0110 (F6h) 


PAR 0010 1000 28h 0010 1000 (28h) 
[Gi Bytes——«*f 010208) 07-00-00 ¢h 


Al 
A2 
J1 
C2 


















) 
) 
[sist (| 0170-0010 (62h) 0170 1010 (6AR) 
Second H1 (H1*) 
—| 1001 0011 (93h) 1001 1011 (9Bh) 
Third H1 (H1*) 
First H2 0000 1010 (OAh) 0000 1010 (OAh) 
Second H2 (H2"*) 
1111 1111 (FFh) 1111 1111 (FFh) 
Third H2 (H2*) 
Three H3 Bytes 0000 0000 (00h) | 0000 0000 (00h) 
First K2 Normal operation: 0000 0000 Normal operation: 0000 0000 
Line FERF: 0000 0110 Line FERF: 0000 0110 
Third Z2 B2 error count: | B2 error count: 
0000 0000 — 0001 1000 0000 0000 — 0001 1000 
4 
H4 


SS 
0000 — 1000 1001 0000 — 1000 1001 

[sis 68 ooo idiom 

a 0 


The parity byte B1, B2 (three bytes), and B3 are calculated as follows: 


G1 


B1 — B1 is a bit-interleaved parity-8 code (BIP-8) using even parity. B1 is calculated over all bits of the 
previous STS-3c frame after scrambling. The calculated value of B1 is placed in the STS-3c frame before 
the frame is scrambled. | 


B2 — For an STS-3c frame, the three B2 bytes combine to form a BIP-24 code; however, each B2 byte is 
calculated as if the frame is composed of three individual STS-1s. Each B2 is calculated over all bits of the 
line overhead and STS-1 envelope capacity of the previous STS-1 frame before scrambling using even 
parity. The computed value is placed in the appropriate B2 byte location before scrambling. The line 
overhead consists of the six rows of transport-overhead bytes beginning with the first H1 byte and ending 
before the row containing the first A1 byte (see Table 1). , 


B3 — For an STS-3c frame, the B3 byte is calculated over all bits of the previous STS-3c SPE before 
scrambling. B3 is a BIP-8 code using even parity. The computed value is placed in the B3 location prior to 
scrambling. 
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transmit operation (continued) 


Prior to transmission, the STS-3c frame is scrambled using a generating polynomial of x’ + x6 + 1. The A1, A2, 
and C1 overhead bytes are not scrambled, and the scrambler is reset to 1111111 on the most significant bit of 
the byte immediately following the third C1 byte. The scrambler runs continuously throughout the complete 
STS-3c frame. . a 


After the STS-3c frame has been scrambled, the bytes are converted to a Serial-data stream using a 
parallel-to-serial converter. An APLL is used to generate the 155.52-MHz output clock from a 19.44-MHz 
oscillator connected to the TXREFCK input. Two other sources can be used for the 155.52-MHz clock. The 
CKGENBP and CLKLOOP inputs are used to select either a 155.52-MHz external clock source or the clock 
recovered from the incoming serial-data stream APLL (loop timing). The functions for selecting the 
transmit-clock source are shown in Table 2. The clock generation APLL requires that an external 0.1-yF 


capacitor be connected from the CGCAP terminal to ground. 


Table 2. Functions for CKGENBP and CLKLOOP Inputs 


GKGENGP | GLKLOGP | cLocKSouRcE 
| =H. | Hork | TXHCKT, TXHCKC (155.52 MHz) 


Both true and complementary pseudo-ECL-compatible serial data and clock outputs are available. The serial 
data is output on the rising edge of the true clock signal (falling edge of the complement clock). The outputs are 
designed to drive a 50-Q line terminated through a 50-Q resistor to 3 V (or its equivalent). 





A terminal-loopback feature is also provided on the device. When the terminal-loopback input is high, the ATM 
cells received on the transmit input are looped back to the receive output. The ATM cells received are blocked. 
The transmit operation is not affected in this mode and operates as previously described. 


receive operation 


The receive serial inputs to the TNETA1500 consist of 155.52-Mbit/s true and complementary PECL data and 
an optional 155.52-MHz true and complementary pseudo-ECL clock. The 155.52-MHz clock inputs are needed 
only if the clock-recovery-bypass input (CKRECBP) is high, which disables the clock-recovery circuit. This 
feature is used typically for test purposes and is not normally used in a system application. 


The clock-recovery circuit is used to recover the embedded clock signal from the serial nonreturn-to-zero (NRZ) 


_ data inputs RSDT and RSDC. The clock-recovery circuit consists of a transition detector, an analog 


phase-locked loop (APLL), and a retiming circuit. The transition detector is used to double the frequency of the 
incoming serial-data stream. This is necessary because the NRZ-data stream does not contain a second 
harmonic, which is necessary to recover the transmit clock. The APLL consists of a phase-frequency detector, 
a charge pump/loop filter, and an internal voltage-controlled oscillator (VCO). The phase-frequency detector 
compares the output of the transition detector to the output of the VCO and generates a signal to the charge 
pump/loop filter that is used to change the frequency of the VCO. The frequency of the VCO is adjusted until 
it matches the frequency of the transition detector. When this occurs, the APLL is locked to the frequency of the 
embedded-input clock signal. | 


The clock-recovery circuit also contains a circuit that retimes the input serial data to the recovered output clock. 


_ The only external component required for the clock-recovery circuit is a 0.1-uF capacitor that is connected from 


the CRCAP terminal to ground. This capacitor is part of the charge-pump/loop-filter circuit. 
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receive operation (continued) 


The clock signal recovered from the incoming serial-data stream can also be used as the transmit clock for the 
transmit section. This is known as clock looping. The advantage of using the recovered receive clock as the 
transmit clock is that the transmit clock is frequency locked to the same clock source that is used to generate 
the incoming data stream. If this clock source provides a highly accurate low-PPM (low parts per million) clock, 
the transmit clock is also a very accurate clock. The drawback to using clock looping is that if the receive signal 
is lost for any reason, the transmit clock is also lost. 


A facility-loopback (FLB) input loops the input data and recovered clock to the transmit output data and clock. 
This provides a method of testing the function of the clock-recovery circuit and its jitter performance. It can also 
be used for system-loopback testing. 


The PECL inputs FLAGT and FLAGC are provided for interfacing to the loss-of-optical-signal outputs on optical 
receivers. If the optical signal is lost, the loss-of-optical-carrier bit in the interrupt register is set and the interrupt 
output (INTR) becomes active low. 





The recovered clock signal and retimed input data are passed from the clock-recovery circuit to the framing 
circuit. The framing circuit searches for the SONET framing bytes A1 and A2 where A1 has a set value of F6h 


and A2 has a value of 28h. The exact framing pattern for a STS-3c frame is A1A1A1A2A2A2 (F6EFEF6E282828h). - 


These bytes are not scrambled by the transmitter. 


The TNETA1500 provides loss-of-signal (LOS), out-of-frame (OOF), and loss-of-frame (LOF) alarms in 
accordance with BellCore specification TR-NWT-000253, Issue 2, December 1991. The LOS alarm goes active 
when no transitions are detected on the receive serial data for 3.3 us. The LOS alarm goes inactive when two 
consecutive framing patterns have been detected, and during the intervening time (one frame time), no 
transitionless 3.3-us period is detected. The OOF alarm goes active when four consecutive-errored framing 
patterns are received. The OOF alarm clears when two successive error-free framing patterns are received. If 
the out-of-frame condition fails to clear within 3 ms, the LOF alarm goes active. The LOF alarm goes inactive 
when eight consecutive error-free SONET frames are identified. The LOS, OOF, and LOF alarms are indicated 
by external signals and by setting a bit in the interrupt registers. This causes the INTR output of the controller 
interface to go active low signaling an interrupt. 


After the SONET frame is established and the serial data converted to byte-wide data, the B1 BIP-8 parity is 
calculated over the scrambled SONET frame. This value is compared with the value of B1 contained in the next 
(n + 1) frame. The value of B1 calculated over the previous frame (n — 1) is compared to the value B1 in this 
frame (frame n). If the two values do not match, the B1ERR output goes active, denoting that a B1 parity error 
has occurred. In addition, the B1 parity-error bit in the interrupt register is set and INTR goes active low. 








Next, the SONET frame is unscrambled (except for the A1, A2, and C1 bytes, which were not scrambled by the 
transmitter). The B2 BIP-24 value is calculated over all the bits of the line overhead and the STS-3c envelope 
Capacity and compared to the value contained in the next frame. If a B2 parity error occurs, the B2 parity-error 
bit in the interrupt register is set and the interrupt line (INTR) goes active low to notify the controller that a parity 
error has occurred. 





The TNETA1500 monitors the receive K2 byte for line alarm-indication signal (LAIS) and line far-end receive 
failure (LFERF) alarms. A LAIS alarm occurs when bits 6 — 8 of the receive K2 byte are set to a value of 111 
for five consecutive frames. The LAIS alarm goes inactive when bits 6 — 8 of the receive K2 byte are set toa 
value of 000 for five consecutive frames. The LFERF alarm goes active when bits 6 — 8 of the receive K2 byte 
are set to a value of 110 for five consecutive frames. The LFERF alarm goes inactive when bits 6 — 8 of the 


receive K2 byte are set to a value of 000 for five consecutive frames. Both the LAIS and LFERF alarms are. 


indicated on an external terminal and by setting a bit in interrupt register 2. 
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receive operation (continued) 


The location of the J1 byte in the SPE is determined from the H1 and H2 bytes in the transport overhead. The 
location of the J1 byte does not change from the previous frame unless the first four bits of H1 are set to 1001 
(the new data flag) or the pointer value contained in H1 and H2 is different for three consecutive frames. The 
location of J1 can also be incremented or decremented one-byte position by inverting certain bits.in the H1 and 
H2 byte pointer. If bits 7, 9, 11, 13, and 15 are inverted, the location of J1 is incremented one time slot. If bits 


8,10, 12, 14, and 16 are inverted, the location of J1 is decremented one time slot. Subsequent pointers contain 


the new offset. 


The TN ETA 500 provides a loss- -of-pointer (LOP) alarm to indicate that either an invalid pointer was detected 
in the incoming H1 and H2 bytes or a new data flag NDF (set to a value of 1001 — the first four bits of H1) was 
found in eight consecutive frames. The LOP alarm goes inactive when a valid pointer with the NDF set to 0110 
is detected in three consecutive frames. The device also provides a path-AlS alarm to indicate that a path-AIS 
condition has been detected in the H1 and H2 bytes. A path-AlS condition is detected as an all 1s condition in 
bytes H1 and H2 for three consecutive frames. The path-AlS alarm goes inactive when a valid pointer, with the 
NDF set to 0110 is detected for three consecutive frames. The LOP alarm is not set if a path-AlS condition is 


- detected. The LOP alarm is indicated by an external signal and by the interrupt register. The ios -AIS ell 
_ is indicated only by the interrupt register. 


The B3 BIP-8 byte is calculated over the contents of the STS-3c SPE, which begins with the J1 byte. The value 


calculated for B3 is compared with the value found in the next frame. If a B3 parity error occurs, the B3 





parity-error bit is set in the interrupt register and INTR goes active low to notify the controller. 


The TNETA1500 monitors the receive G1 byte for a path far-end receive failure (path FERF) and path remote 
defect indication (path RDI) alarms. A path FERF occurs when bits 1 — 4 of the G1 byte are set to a value of 
1001. The path FERF alarm goes inactive when bits 1 — 4 of the G1 byte are set to a non-1001 value. A path 
RAI occurs when bit 5 of the G1 byte is set to a value of 1 for 10 consecutive frames. The path RDI alarm goes 
inactive when bit 5 of the G1 byte is set to a value of 0 for 10 consecutive frames. Both the path FERF and path 
RDI alarms are indicated through interrupt register 3. 


Once the STS-3c SPE is located, the ATM cells are identified and extracted. Cell delineation is accomplished 
by computing the header-error check (HEC) for the first four bytes after the J1 byte and comparing the calculated 
value with the fifth byte. If the values do not match, the process advances one byte and then repeats. This 
process continues until a match between the calculated value and the fifth byte occurs. Cell alignment is 
assumed to have occurred when seven consecutive matches occur. Until cell alignment occurs, the 


loss-of-cell-alignment alarm (LOCA) remains active. Once cell alignment is established, it is monitored 


constantly for a loss-of-cell-alignment condition. A loss-of-cell-alignment condition is declared (LOCA goes 
active) when seven consecutive cells occur with header errors. At this point, the hunting process starts over. 


The receive side detects multiple-bit errors and corrects single-bit errors occurring in the 5-byte ATM header 
of incoming ATM cells by using the HEC byte. This feature is deactivated by setting a bit in control register 1 
(see Table 6). The ATM cells with multiple-bit header errors are dropped, unless a bit is set in control register 1 
(see Table 6) to disable the dropping of cells with uncorrectable errors. An 8-bit saturating counter (accessible 


through the controller interface) counts the number of ATM cells with multiple-bit ATM header errors. 


After the ATM cells are extracted, they are descrambled. The 48-byte payload in the ATM cell is scrambled at 
the transmitter using a x49 + 1 polynomial to further distinguish the payload from the header bytes and improve 
the efficiency of the cell-delineation algorithm. The x43 + 1 polynomial is also used to descramble the payload 
so that it can be sent to the next device. 


The TNETA1500 has the capability of dropping idle and unassigned cells from the receive data stream. An idle 
cell is defined as a cell with a 5-byte ATM header set to a value of 00 00 00 01 52 (hex) and an unassigned cell 
is defined as a cell with a 5-byte header of 00 00 00 00 55 (hex). In both cases, the payload is ignored. The 
dropping of idle and/or unassigned cells can be disabled through control register 1 (CR1) in the controller 


interface. 
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receive operation (continued) 


After descrambling, the ATM cell is passed to the output buffer, which operates as a FIFO. The receive-cell 
interface consists of the output data (RDO-—RD7), receive-clock input (RCKI), receive-read-enable input (RRE), 
receive-FlFO-empty output (RXFE), beginning-of-ATM-cell indicator (RXCELL), and loss-of-receive-data alarm 
(LOSRD). Data is sent out from the device on the rising edge of RCKI when RRE is low. The LOSRD alarm goes 
active when the output FIFO overflows. In this case, the last cell placed into the FIFO is overwritten. The output 
FIFO holds three complete ATM cells. 


Cumulative counts of receive B1, B2, and B3 errors are provided by registers accessible through the controller 
interface. These registers maintain running totals of B1, B2, and B3 block errors and coding violations. The 
block-error counters maintain a count of the number of frames that are received with B1, B2, and B3 errors. The 
coding-violation counters count the exact number of B1, B2, and B3 bit-interleaved parity (BIP) errors that occur. 
It is possible for a single frame to contain 8 B1, 24 B2, and 8 B3 BIP errors. When any of the block-error or 
coding-violation counters reach maximum count, a bit is set in the interrupt registers and an interrupt is 
generated. These counters are rollover counters that roll over to zero after the maximum count occurs and an 
interrupt is generated (see the controller-interface section for additional information). 





When the receive side enters a loss-of-cell alignment (LOCA) state, a path remote-defect indication (path RDI) 
may need to be sent out the transmit side through the outgoing G1 byte. A path-RDI alarm is declared when 
a LOCA state is persistent for an amount of time (also known as soak time) that has not yet been specified by 
any industry standards. To provide maximum flexibility with regard to this unspecified soak time, an 8-bit counter 
is provided through the controller interface that allows the user to program the amount of soak time for a 
path-RDI alarm in increments of 125 ws. This counter is preset (when a device reset occurs) to a value of 
4 ms, which is the anticipated soak time for a path-RD! alarm. 


controller-interface operation 


The controller interface provides access to the internal memory locations that contain the control registers, 
interrupt registers, interrupt-mask registers, and the ID register. Table 3 shows a memory map of the locations 
of the various registers in the TNETA1500. 


Table 3. TNETA1500 Register Memory Map 











eee mae a eee 
oe 

oF 

: 10 

[04 | Ntimplemented | 11 | 83 block eror counter 
[05 | Controlreaistert | 12] Bi coding volaton counter (LS8) 
[06 | Controtregter@ | 19 | Bt eoding-ilaton counter SB) — 
[07 | rieruptmaskregistert | 14 | _B2 coding volation counter (LSB) 
[08 | _trterupemask register? | 18 | Ba codng-violation counter 
[0k | Matieroredcellcounter | 17] B38 codingvolaton counter (LSB) 
[06 | Notimplementes | >18 | _Notimplemented 


OE 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 

>18 
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interrupt registers 


The interrupt registers located at hex addresses 00, 01, and 02 contain information on the condition of the 


receive data stream that causes the interrupt flag (INTR) 
registers is given in Table 4. | 


Table 4. interrupt-Register Coding 


IR1 CODING IR2 CODING 
(ADDRESS 00) (ADDRESS 01) 









CAUSE OF INTERRUPT 


| XXXX XXX1 
XXXX XX1X - 


B1 parity error 
B2 parity error 





B3 parity error 


XXXX_ 1XXX 
XXX1 XXXX | 
XX1X XXXX | 


Loss-of-cell alignment 
Loss-of-incoming signal 
Out of frame 
Loss of frame 


Loss-of-optical carrier 
Line AIS | 
Line FERF 
Loss-of-receive data 


Loss of pointer 
Path AIS 
B1 block error overflow 










B2 block error overflow 
B3 block error overflow 
B1 CV overflow 
B2 CV overflow 


ae ee 
ee ee 

ee cee 
C00 
ee cece 
2000 
x00 
ee ee 
eo 
en ee 
[e8cVevertow [KK 
[—Parenf 00 


to become active low. The coding for the interrupt 





IR3 CODING 
(ADDRESS 02) 









XXXX XXX1 
XXXX XX1X 


The alarm conditions or errors set bits in the interrupt register that cause the open-drain ouput INTR to go active 
low. All of these conditional actions are associated with the receive data stream and are described below. 


LOS, OOF, LOF, LAIS, LOP, LFERF, LOCA, LOSRD 


a , 
These alarm conditions cause an external signal to go active and set a bit in one of the interrupt registers 
(see terminal functions table for description of the individual alarms). The status of the bit in the interrupt register 


for these alarms mirrors the status of the external signal. 


For example, as long as a loss-of-frame condition 


exists, both the LOF output and the loss-of-frame bit in IR1 (the value for LOF is x1xx xxxx) are set. When the 
logic in the TNETA1500 detects that the LOF condition has cleared, the external output and the status bit in the 
interrupt registers are cleared. A change in the status bit in the interrupt registers for. these alarms cause the 
INTR output to go active low. When the status bit makes a low-to-high transition, the INTR output goes active 
low. The INTR output also goes active low when the status bit makes a high-to-low transition. Reading the 
interrupt register does not clear the status bit for these particular alarms. However, the INTR output goes inactive 





high on a read of any of the interrupt registers. 
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loss-of-optical carrier, path AIS, path RDI 


These alarm conditions cause a status bit in one of the interrupt registers to go active. As long as the alarm 
condition exists, the status bit remains set. When the logic in the TNETA1500 detects that the alarm condition 
has cleared, the status bit is cleared. A change in the status bit in the interrupt registers for these alarms causes 
the INTR output to go active low. When the status bit makes a low-to-high transition, the INTR output goes active 
low. The INTR output also goes active low when the status bit makes a high-to-low transition. Reading the 
interrupt register does not clear the status bit for these particular alarms. However, the INTR output goes inactive 
high on a read of any of the interrupt registers. 


B1/B2/B3 parity error, B1/B2/B3 block error overflow, B1/B2/B3 CV overflow 


The status bits for these errors indicate that the specified error condition has occurred. The status bits in the 
interrupt registers for these conditions are set when the error conditions occur and remain set until the interrupt 
register is read. If a B1, B2, or B3 parity error is detected on an incoming frame, the corresponding status bit 
is set in the interrupt register, the INTR output goes active low, and the status bit remains set until a read of any 
interrupt register occurs. Once a read of any interrupt register occurs, the status bit for one of these error 
conditions is cleared until the next time that this error condition is detected. 

















interrupt-mask registers 


All of the interrupts in the three interrupt registers can be masked by setting bits in the corresponding 
interrupt-mask registers. The coding for the interrupt-mask registers is the same as the coding for the interrupt 
registers. To mask only the interrupt associated with a B2 parity error, a value of 0000 0010 is written to the 
interrupt mask register 1 (IMR1). To mask all the interrupts in interrupt register 1, a value of 1111 1111 is written 
to the interrupt mask register 1. After reset, all three interrupt-mask registers are cleared (set to 00 hex). 
Table 5 shows the coding for the interrupt-mask registers. 


Table 5. Interrupt-Mask-Register Coding 


INTERRUPT TO BE MASKED ADDRESS 08) 
B1 parity error 
B2 parity error | 
B3 parity error 
Loss-of-cell alignment (LOCA) 
Loss-of-incoming signal (LOS) 
Out of frame (OOF) 
Loss of frame (LOF co es 
Loss-of-optical carrier fe 
Line AIS FX XXX XXX 
[TF Tessotrecevedta | —SS—~dCI OP 
[tossofpointer | SiC OKO 
Patnais TC TOROS 
[Bi block erroroverfow | «iY XXIK XK 
[Bi CVoverow | 
[B2CVoverow | —~s 
[_B3CVoverfow | iS 
= 

as 


Path RDI 
Path FERF XXX1 XXXX 
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control registers 


The control registers are located at addresses 05 and 06 (hex). The control registers provide a means of 
controlling the operation of the device through the controller interface. A reset operation, initiated either by taking 
the RESET signal high or by performing a write operation to the ID register, clears both control registers. The 
bit definition for the two control registers is shown in Table 6. 


Table 6. Coding for Control Registers 


(ADDRESS 05) (ADDRESS 06) 
eo ee ee 
Disable transmit ATM-cell header HEC-byte generation fXXXXXXIX of 
‘Enable terminal loopback (TLB) } XXXXXIXX fe | 
ceed 
Fe ee ae eal 
a oe 









ACTION i 





Disable error correction for receive ATM cell headers 









Enable facility (serial) loopback (FLB) - 
Disable the dropping of ATM cells with multiple-bit header errors 
Disable the dropping of ATM idle cells from the receive data stream 
Disable the dropping of ATM unassigned cells from the receive data stream P XIXX XXXX ff 
fp XXXXXXXT 


Enable receive clock looping : . XXXX XXX1 









. XXXX XX1X 





Transmit ATM unassigned cells as filler 


Descriptions of the various control functions of the control registers are given below: 
disable error correction for receive ATM cell headers | | 


When set to a high level, this bit causes the error-detection and correction block to stop correcting single-bit 
errors that are detected in the headers of incoming ATM cells. When a reset operation is performed, this bit is 
cleared (set to 0). The normal operating state of the TNETA1500 provides single-bit error correction on the 
headers of incoming ATM cells, and an action must be taken to disable this operation. 


disable transmit ATM-cell header HEC-byte generation 


When set to a high level, this bit causes the transmit section to stop generating the header error check (HEC) 
byte in the five-byte header of ATM cells that are being transmitted. When a reset operation occurs, this bit is 
cleared (set to 0). The normal operating mode of the TNETA1500 calculates the HEC byte from the first four 
bytes of the ATM cell that is transmitted and inserts the calculated value in the HEC byte location. This bit is used 
to disable the generation of the HEC byte. | 7 


enable terminal loopback (TLB) 


When set to a high level, this bit causes the ATM-cells input (through the transmit-cell interface) to loop through 
the device and be sent out through the receive-cell interface. The receive serial-data stream is blocked when 
this mode of operation is chosen. However, the transmit section operates normally and the device continues 
to transmit ATM cells that are inserted in a STS-3c/STM-1 frame. Internally, this bit is logically ORed with the 
TLB input, which allows a terminal loopback to be enabled through either the external input or through the control 
register. When a reset operation occurs, the bit in the control register is cleared. 


enable facility (serial) loopback (FLB) 


When set to a high level, this bit causes the receive serial data and clock inputs to loop through the device and 
be sent out through the transmit serial data and clock outputs. The transmit serial data stream is blocked when 
this mode of operation is chosen. However, the receive section operates normally, and the device continues to 
extract ATM cells from the incoming STS-3c/STM-1.frame. Internally, this bit is logically ORed with the FLB input, 
which allows a facility loopback to be enabled through either the external input terminal or through the control 
register. When a reset operation occurs, the bit in the control register is cleared. 
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disable the dropping of ATM cells with multiple-bit header errors 


When set to a high level, this bit causes the receive section to stop dropping ATM cells that contain multiple-bit 
header errors. When a reset operation occurs, this bit is cleared. The normal operation of the TNETA1500 drops 
ATM cells that contain multiple-bit header errors by not placing them into the receive output FIFO. 


disable the dropping of ATM idle cells from the receive data stream 


When this bit is set, the receive section does not drop ATM idle cells from the receive data stream. An idle cell 
is defined as an ATM cell with the 5-byte header set to a value of 00 00 00 01 52 (hex). When a reset operation 
occurs, this bit is cleared. The normal operation of the TNETA1500 is to drop idle cells from the receive data 
stream. 


disable the dropping of ATM unassigned cells from the receive data stream 


When this bit is set, the receive section does not drop ATM unassigned cells from the receive data stream. An 
unassigned cell is defined as an ATM cell with the 5-byte header set to a value of 00 00 00 00 55 (hex). When 
a reset operation occurs, this bit is cleared. The normal operation of the TNETA1500 is to drop unassigned cells 
from the receive data stream. 


transmit STM-1 frame 


When this bit is set, the transmit section transmits an STM-1 frame instead of a STS-3c frame. Internally, this 
bit is logically ORed with SDHENABLE, which allows this mode of operation to be enabled either through the 
control register or the external input. When a reset operation occurs, this bit is cleared and causes the 
TNETA1500 to transmit a STS-3c frame. 


enable receive clock looping 


When this bit is set, the receive clock is used as the clock for the transmit side (clock looping). The receive clock 
is either the receive serial clock or the clock recovered from the receive serial-data stream depending upon the 
state of the CLKRECBP input. Internally, this bit is logically ORed with CLKLOOP, which allows the clock-loop 
function to be enabled either through the control register or the external input. When a reset operation occurs, 
this bit is cleared, which disables the clock loop. . 


transmit ATM unassigned cells as filler 


When this bit is set, the transmit side sends ATM unassigned cells for cell rate decoupling when a user data cell 
is not available in the transmit FIFO. An unassigned cell is defined as a cell with the 5-byte header set to a value 
of 00 00 00 00 55 (hex). The payload is set to 6A (hex). When this bit is not set, the device sends idle cells as 
filler cells for cell rate decoupling. An idle cell is defined as a cell with the 5-byte header set to a value of 00 00 
00 01 52 (hex) and the payload set to 6A (hex). When a reset operation occurs, this bit is cleared. 


ID register 


The ID register is located at address 03 (hex). This register identifies the device revision and also provides a 
means of performing a software reset. The contents of this register are hardwired to a hexadecimal value of Ax 
(x denotes the chip revision). A software reset on the TNETA1500 is initiated by writing to the ID register through 
the controller interface. Since the contents of the ID register are firmware, the write does not change the contents 
of the register. The software reset function is logically ORed with RESET. A reset of the TNETA1500 device is 
initiated through either the external input or the ID register. 


multierrored cell header counter 


The multierrored cell header counter is a saturating 8-bit counter that counts the number of ATM cells that are 
received with multiple-bit errors in the 5-byte ATM header. This counter resets to zero when the register is read. 
This counter does not cause the INTR output to go active low when the counter reaches maximum count. This 
counter is set to zero when a reset operation occurs. 
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path RDI soak counter 


This counter provides a count of the amount of time, in increments of 125 ps, that a loss-of-cell-alignment 
(LOCA) condition must be present before a path RDI condition is sent via the outgoing G1 byte. The amount 
of time required is not currently specified by any industry standard. This counter is preset to a value of four 
milliseconds when a reset operation occurs. The counter value is modified by writing a new value to the counter 
through the controller interface. For instance, to set the value in the counter to one millisecond, a value of eight 
(8 x 125 us = 1 ms) is written in the counter. However, the value in the counter is rewritten if a reset operation 
occurs because the counter is reset to four milliseconds. 


B1/B2/B3 block error counters 


These counters maintain the total number of frames received with B1, B2, and B3 errors. These sountets track 
the number of frames with errors, not the number of actual B1, B2, and B3 bits in error. All three counters are 
8-bit counters. These 8-bit counters are read only and a reset operation clears all three counters. When these 
counters reach their maximum count, the INTR goes active low and a bit is set high in the interrupt register IR2. 
The host system reads the IR2 register to determine the cause of the interrupt. The host reads the counters to 
reset them to zero, and finally, the host system reads IR2 again to clear the INTR line. 


B1/B2/B3 coding violation counters | 
_ These counters maintain the total number of receive B1, B2, and B3 bit-interleaved parity (BIP) bits that are in 


error. The B1 and B3 counters are 16-bit counters, and the B2 counter is a 19-bit counter. When one of the 
counters reaches its maximum count, the INTR output goes active low and a bit in the interrupt register is set. 
The counters automatically reset to zero when they reach their maximum count. To clear the interrupt condition, 
the host system has to read the LSB counter first and then read the MSB counter. After the host reads both 
counters in this sequence, both LSB and MSB counters are reset and the interrupt condition goes inactive. A 
reset operation clears all three counters. Since these counters are read only, a value cannot be written to any 
of the three counters. 
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Terminal Functions 
high-speed serial interface 


TERMINAL 
DESCRIPTION 
NAME 


Loss-of-optical-carrier alarm (true and complement). This differential input is connected to a fiber-optic 
sees receiver loss-of-optical-carrier output to provide an interrupt through the controller interface when the 





















incoming optical signal is lost. 






Receive serial clock (true and complement). This differential input is used to clock in serial data on 


RSCT. 
RSCC oe oe RSDT/RSDC when the clock-recovery phase-lock loop is bypassed by taking CKRECBP high. 


RSDT, 
RSDC 





41, 42 ae Receive serial data (true and complement). RSDT and RSDC are differential PECL inputs. 
Transmit serial clock (true and complement). This differential output provides the transmit serial output 
clock. This clock is derived from either the receive serial clock, the output of the clock generation 
ect phase-lock loop, or the transmit high-speed clock depending upon the state of CKGENBP and 
TSDT, 
TSDC aie rece 


CLKLOOP. 
TXHCKT, 
TXHCKG 49 80 oon 


Transmit serial data (true and complement). The differential serial data is output on the transition of 
alarm indicators 


TSCT/TSCC. 
TERMINAL 
NAME 


Transmit high-speed clock (true and complement). This 155.52-MHz input provides the transmit serial 
B1iERR 


clock when CKGENBP is high. 


























DESCRIPTION 


B1 error. A high on B1ERR indicates that a B1 parity-byte error is detected on the incoming frame. 


Line alarm-indication signal. A high on LAIS indicates that bits 6 —8 of the receive K2 byte are set to 111 
for five consecutive frames. The alarm clears when the pattern 000 is detected in bits 6—8 of the receive 
K2 byte for five consecutive frames. 




















Line far-end receive failure. A high on LFERF indicates that bits 6—8 of the receive K2 bytes were set 
to 110 for five consecutive frames. The alarm clears when the pattern 000 is detected in bits 6—8 of the 
receive K2 byte for five consecutive frames. 






Loss-of-cell alignment. A high on LOCA indicates that ATM cells could not be found in the incoming data 
stream. LOCA goes inactive when the cell-delineation algorithm finds seven consecutive ATM cells and 
goes active when no valid ATM cells are found in seven consecutive cell slots. 














Loss of frame. LOF goes active when the framing circuit is unable to find two consecutive SONET frames 
for 3 ms. The alarm is cleared when eight consecutive error-free SONET frames are identified. 









Loss-of-incoming pointer. LOP goes active to indicate that an invalid pointer was found in the H1, H2 
pointer bytes of the incoming frame. LOP also goes active when a new data flag (NDF) is detected for 


LOCA 
eight consecutive frames. The LOP alarm deactivates when a valid pointer with a normal NDF is detected 


a in three consecutive frames. 
Loss of signal. LOS goes active when no signal transitions are detected on the incoming serial signal 
LOS 128 for 3.3 ps. The alarm is cleared when two consecutive valid SONET framing patterns are detected, and 
no transitionless 3.3-ys period is detected. 
OOF 429 Out of frame. OOF goes active when four consecutive errored SONET frames are received. The alarm 
clears when two consecutive error-free SONET frames are identified. 
| Loss-of-receive data. LOSRD goes active when the receive output FIFO overflows. The receive output 
LOSRD 116 FIFO can store a maximum of three complete ATM cells. If a cell is not sent to the next device before 
a fourth cell arrives, the newest cell is discarded to make room in the FIFO for the next arriving cell. 
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Terminal Functions (Continued) 


DESCRIPTION 


Clock generation phase-locked loop bypass. When CKGENBBP is high, the clock-generation PLL is 


TERMINAL — 
NAME NO. ue 
CKGENBP 136 ( . ) bypassed and the high-speed clock input (TXHCKT/ TXHCKC) is used for the transmit clock. When 
CKGENBP is low, the 19.44-MHz TXREFCK is used to generate the transmit clock. 
CKRECBP 135 | Clock recovery phase-locked loop bypass. When CKRECBP is high, the clock-recovery PLL is 
(TTL) | bypassed. RSCT/RSCC is used to clock RSDT/RSDC into the device. 

. Receive clock loop. When CLKLOOP is high and CKGENBP is low, the receive serial clock is looped 
CLKLOOP 134 (TTL) to the transmit side and used for the transmit-serial clock. The received clock is either the clock 
FLB- . 138 (TTL) 
OE 58 


control signals 























ENER 
_ 4 
4 







Facility loopback. When FLB is high, the receive serial data and clock is looped to the transmit-serial 
clock and data output. The receive-serial clock is either the clock recovered from the incoming data 
stream or RSCT/RSCC as determined by the state of CKRECBP. 


Output enable. When OE is low, all outputs on the TNETA1500, except for the high-speed PECL 
outputs, are placed in the high-impedance state. This feature facilitates. board-level testing. OE 
contains an internal pullup resistor so that it can be left open for normal operation. 








recovered from the incoming data stream or RSCT/RSCC as determined by the state of CKRECBP. 
(TTL) 


RESET 142 ( 


SDHENABLE 57 ( 


TLB 137 (TTL) 
TXREFCK 48 






Device reset. When RESET goes high, the device is reset. Reset causes the receive side to restart 
the frame-search algorithm and forces OOF, LOF, and LOCA high. RESET also flushes any ATM cells 
stored in the input and output FIFOs and causes the transmit side to begin building SONET frames 
from the A1 byte. 


SDH enable. When SDHENABLE is high, the frame transmitted by the TNETA1500 has the 3 C1 
bytes set to the sequence 01 00 00 (hex). In addition, the 3 H1 bytes in the transmit frame set to the 
values 6A, 9B, 9B (hex). When SDHENABLE is low, the transmit C1 bytes are set to the sequence 
01 02 03 (hex) and the H1 bytes are set to the values 62, 93, 93 (hex). These conditions are necessary 
to comprehend the differences between a SONET STS-3c frame and a SDH STM-1 frame. 
SDHENABLE has an internal pulldown resistor so that it can be left open for SONET operation. 


— 
—_— 
iS 
















= 
+— 
ae 








Terminal loopback. When TLB is taken high, the data received at the transmit-cell interface is looped 
through the device and out the receive-cell interface. Data appearing at the receive serial data input 
is blocked in this mode. 







Transmit reference clock. TXREFCK is used to provide a 19.44-MHz reference clock to the 
clock-generation phase-locked loop when CKGENBP and CLKLOOP are low. The clock-generation 
PLL multiplies this clock by eight to generate the 155.52-MHz transmit-serial clock. 





(TTL) 
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Terminal Functions (Continued) 


DESCRIPTION 


Receive clock input. Output signals are clocked out of the receive-cell interface on positive transitions 
of RCKI when RRE is low. 


Receive byte data. The ATM cells are clocked out of the TNETA1500 through RDO-—RD7 one byte at 
a time on positive transitions of RCKI, which begins with the first byte of the ATM-cell header. 


receive-cell interface 


TERMINAL 
NAME 


RDO-ROO7 : i rs 
Te] 
«fo 


























Receive read enable. A low level on RRE enables the reading of data from the receive-cell interface 


Receive ATM-cell indicator. RXCELL goes high to identify the first byte (start) of an ATM cell. RXCELL 


RXCELL is low during the remainder of the output. 






Receive FIFO empty. RXFE goes low to denote that the receive FIFO is empty and that the current output 
byte is not a valid byte. RXFE goes high when a complete ATM cell is available for output. 





transmit-cell interface 


TERMINAL 
VO DESCRIPTION 
NAME 
TCKI 65 | Transmit clock input. Input signals are clocked into the transmit-cell interface and output signals are 
(TTL) clocked out of the transmit-cell interface on positive transitions of TCKI when TWE is low. 
TD0-TD7 68-71 Transmit byte data. The ATM cells are clocked into the transmit-cell interface one byte at a time on 
74-77 (T positive transitions of TCK! when TWE is low. 


a 
is aa Transmit write enable. A low level on TWE enables the writing of ATM cells into the transmit-cell interface. 





z 
one 















TXAE Transmit FIFO almost full. TXAF goes low when the transmit cell input FIFO can store only five additional 
input bytes. TXAF goes high when storage is available in the FIFO to store a complete 53-byte ATM cell. 






















Transmit start-of-cell indicator. A high level on TXCELL identifies the first byte of an incoming ATM cell. 


ieee eS TXCELL should be low during the remainder of the cell input. 


(TTL) 
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Terminal Functions (Continued) 
controller interface 

















Address lines. AO—A7 provide the address for accessing the internal registers. A7 is the most significant 
bit. . . | 
contents of the device’s internal registers. D7 is the most 










| 
AQ—A7 1 9-26 (TTL) 
Data I/O. DO-—D7 provide access to the 


1-4 
Sie A 2 VO | significant bit. 7 | 


INTR 13° PO. Interrupt (open drain). INTR goes low to indicate that a nonmasked interrupt has occurred. 


a | Read/write control. A high-level input on RD/WR indicates a read operation and a low-level input 
RD/WR 16 (TTL) | 














indicates a write operation. 


READY 14 pe Or. | Ready. READY goes low to indicate that the device is ready to complete the requested transaction. 


SEL 15 eat Device select. A low-level input on SEL enables the access of the device’s internal registers. 
















‘miscellaneous signals 


TERMINAL — | 
VO DESCRIPTION ~— 
NAME NO. 
CGC AP 46 Clock-generation loop-filter external capacitor connection. A 0.1-uF capacitor is connected 
| from CGCAP to ground. | | 
CRCAP 37 Clock-recovery loop-filter external capacitor connection. A 0.1-uF capacitor is connected 
from CRCAP to ground. | 


AGND- 35,38,39,44,45,56 ail Analog ground. AGND is the 0-V reference connection for analog phase-lock loops. 
AVCC 34,36,40,43,47,55 Analog supply voltage. AVcc is the 5 V + 5% connection for analog phase-lock loops. 


27-29,80-83, 
NC 86-89,104—107, 
110-113 


5,11,17,62,66,72,79, 
85,91 ,97, 
103,109,115, — 
127,132,144 


6,12,18,67, 
. ‘ 73,78,84,90,96, 

CC 102,108, 114,126, 
131,143 


TESTO-TESTS3 59,60,139,140 
TEST4 14 


1 
8KHZREF 130 






















No connection. These terminals are left open. 











Ground. GND is the 0-V reference for digital logic. 








Supply voltage. Vcc is the 5 V + 5% supply for digital logic. 


Manufacturing test. TESTO-TEST3 are connected to Vcc for normal operation. | 
Test. TEST4 is tied low for normal operation. 


8KHZREF produces a pulse that is synchronized to the receive-side framing bytes. 
8KHZREF serves as an indication that a frame is being received. When frames are 
continuously received, 8KHZREF acts like an 8-kHz clock. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


supply voltage range, TTL, Voc (See Note 1) 2.1... ee cee cee cece eee een eenes -0.5Vto7V 
Supply voltage range, PECL, Voc (See Note 1) ..... 2... ee ec cece eee eee nee -0.5Vto7V 
Supply voltage range, analog, AVcc (See Note 1) «1... eee eee eees -0.5Vto7V 
INDULVOltade Tange: e. ac.ccatect enue scare tawa Olan suede Riau shes ene ee aoawaes -1.2Vto7V 

PEGE, saindatnicnceiiancetad Miia eee een bor a aootaeas ees ces OVtoPVcc 
Operating free-air temperature range, Ta ........- ee ccc cece ene e ene eaees 0°C to 70°C 
Storage 1emperalure TANS: 2c. cccga ne Sdugadeedew es tase ede eea cen eweeses —65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated in the “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to the GND terminals. 


recommended operating conditions 








OG. epeNONnOe PECL 4.75 5.25 
AVcc Supply voltage, analog 4,75 5.25 i ee 


V 
V 
we TTL 
VIH High-level input voltage : = V 
PECL (see Note 2) ~~ |Voo-1.1. Voc-0.8 
| TTL [88 | 
VIL Low-level input voltage V 
PECL (see Note 2) Voce-1.9 Vcoco-1.5 
0 C 


TA Operating free-air temperature 


NOTE 2: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for 
logic-level voltages only. 





PRODUCT PREVIEW 





electrical characteristics over recommended ranges of operating free-air temperature and supply 
voltage (unless otherwise noted) 


VIK Input clamp voltage Vcc = 4.75 V, IK =—-18mA 


| Voo=475V,_lon=—4mA 
VOH _ High-level output voltage V 
PECL PVcc = 5V, IOH = ~22.4 mA 
VOL 


TTL 


















Low-level output voltage 
PECL Pvoo=5V, _loL= 7.6m 
25 


All other PECL inputs PB 

FLAGT, FLAGC Voc =5.25V, Vj=445V oso | HA 
PECL inputs 

All other PECL inputs 


Hp Low-level input current FLAGT, FLAGC VGG25.25.V; V) = 3.35 V +250 pA 
. PECL inputs a 
: Vcc = 5.25 V, lo = 0, 


Ioc2 Supply current’ Voc =5.25V, _ f= 155.52 Mbit/s 


t All typical values are at Vcc = 5 V, Ta = 25°C. 
§ PECL outputs are unterminated. 
‘| PECL outputs are terminated with a 50-Q resistor to 3 V. 











NH High-level input current 
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timing requirements (see Figure 1) | : 
NO IN max] NT 
T+ [weeny Puseauraion Seow Cd 
[2 [tumowry Setuptime ROWAnighbereSELL SCSC~—C—CSCSYSC‘ CdS 
[4 [tnao-a7) Hotdtime, AQWA7 valdaterSeCT SCT CdYC— 


switching characteristics (see Figure 1) 


[8 [taisti-px) _Delaytime tom SEL To DO-DTimald i] ns 
is] 1s 


ha td(SH-RH) Delay time from SEL T to READY T 


RD/WR a ae | -_ 
(input) 




























lq 2 
l¢—_—— 3 —___4 7 
a a ease ETCR Yipee ee | een em ence eee oe ree 
SEL | : 
(input) | 
: | eens oe 
(input) 
| <—— 7—_>| eS | 
READY | ! | 
READY | . 
(output) 


MASS, LS 


Figure 1. Controller-Interface Read Cycle 
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timing requirements (see Figure 2) 


a 
(1 Jigen Pulse duration, SELlow SSS 
2 [sufi way Soup ine AOWAlowselee ELT SSSSd 
tsu(AO—A7) | Setup time, AO—A7 valid before SEL 1 re ao 
ae 
[ra 









tsu(D0-D7) | Setup time, DO-D7 valid before SEL T 
Hold time, DO—D7 valid after SEL T 





th(DO-D7) 





RD/WR ‘ / 
(input) 
~—{__—_ 


a ie a a AL «ee aera ee 
SEL | ; 
(input) | 
A0-—A7 | 
(input) 
(4 9 5 
| 


DO-D7 | : 
(input) 


Figure 2. Controller-Interface Write Cycle 
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timing requirements (see Note 3 and Figure 3) i 

1 |twRCKIH) Pulse duration, RCKI high | | 10 - | ns | 

2 | tw(RCKIL) Pulse duration, RCKI low | a tO = = 2) smart | 

3 | tsu(RRE) Setup time, RRE high before RCKI T ae ee 
} 


4 | th(RRE) i 






Hold time, RRE high after RCKI T 
NOTE 3: All output signals are generated on the rising edge of RCKI. All input signals are sampled on the rising edge of RCKI. 









switching characteristics (see Note 3 and Figure 3) 


Se ee ee ae 
5 [tanonrxow Delay eromROM TARGET Cd 

[aor Rov) Delay time torn ROKTTI@ROOAOTvaR’ SSCL 
a 


T RXFE goes active low when no complete cell is available in the receive cell FIFO. When a complete cell is available, RXFE is deactivated. The 
pulse duration of this signal depends on the pulse duration of the RCKI clock and on the cell availability of the FIFO. The minimum pulse duration 
is equal to the RCKI width. The maximum width is dependent on the RCKI clock pulse duration and cell availability. 

NOTE 3. All output signals are generated on the rising edge of RCKI. All input signals are sampled on the rising edge of RCKI. 


RCKI . | 
(input) 
| 
RRE | | 
(input) ae a re i, Sraaeeenen 


RXCELL | | 
(output) : | 








RDO-—RD7 
(output) 


RXFE —— 
~ (output) ee | 


If necessary 





Figure 3. Receive-Cell Interface 
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timing requirements (see Note 4 and Figure 4) 


tw(TCKIH) Pulse duration, TCK! high 
tw(TCKIL) Pulse duration, TCKI low 
tsu(TWE) Setup time, TWE high before TCK! T 


th(TWE) Hold time, TWE high after TCKI T 


tsu(TDO-TD7) | Setup time, TDO-TD7 valid before TCKi T 
th(TXCELL) Hold time, TXCELL high after TCKI T 
th(TD0-TD7) —_ Hold time, TDO-TD7 valid after TCK! T 


NOTE 4: All output signals are generated on the rising edge of TCKI. All input signals are sampled on the rising edge of TCKI. 


tsu(TXCELL) Setup time, TXCELL high before TCKI T : 12 
( 12 





switching characteristics (see Note 4 and Figure 4) 


NO MIN ax] unit 
| 9 | tgTCH-TXAL) _ Delay time from TCKI T to TXAF J 5 12 


NOTE 4: All output signals are generated on the rising edge of TCKI. All input signals are sampled on the rising edge of TCKI. 


| | , | 
TDO-—TD7 Input 
| 


By 
9 —p re If necessary 






Figure 4. Transmit-Cell Interface 


timing requirements (see Figure 5) 


NON maxi 
tw(8KHREL) Pulse duration, 8KHZREF low ae eS 


«+ 1 
8KHZREF 
(input) 


Figure 5. 8-kHz Reference Signal 
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APPLICATION INFORMATION 


introduction 


The TNETA1500 SONET/SDH ATM BiCMOS receiver/transmitter is designed to insert/extract ATM cells 
into/from a 155.52-Mbit/s STS-3c/STM-1 frame. The device contains two analog phase-locked loops (APLL) 
and the digital logic necessary to process the incoming frame and build the output frame. The two APLLs are 
used to: 


@ Recover a 155.52-MHz receive clock from the incoming serial-data stream 
@ Generate a 155.52-MHz transmit clock from an external 19.44-MHz signal 


The device is fabricated from a 0.8-micron BICMOS process. The BiCMOS process provides the capability of 
designing true differential PECL (ECL referenced to 5.V instead of ground) serial inputs and outputs. The 
advantages of providing true PECL inputs and outputs are: 


@ The device interfaces directly to fiber-optic receivers and transmitters and UTP-5 transceivers without 
external buffering. | 


@ The device outputs can directly drive a 50-Q line terminated with 50 Q to 3 V or the Thevenin equivalent 
(121 Q to ground and 82 to Vcc). This eliminates transmission-line reflections and improves 
performance. 


@ The differential PECL inputs provide a high common-mode noise-rejection ratio (CMRR), which 
improves noise immunity of the device. 


@ The reduced output voltage swing of the differential PECL outputs (approximately 800 mV) reduces the 
internal noise generated when the high-speed serial outputs switch. This is especially important since 
the outputs are switching at 155.52 Mbit/s. | 


Internally, the two analog PLLs are isolated from each other and the digital logic blocks (see Figure 6). Each 
analog PLL has its own Vcc and ground connections that are not connected internally to the Vcc and ground 
connections of the other blocks. From a power and ground connection viewpoint, this forms three blocks: the | 
digital logic block, the analog clock-recovery block, and the analog clock-generation block. 


general layout considerations for the TNETA1500 


The major considerations in laying out a board for the TNETA1500 are: 


® Decouple the analog supply (AVcc terminals) from the digital supply (Vcc terminals) using an inductor 
or ferrite bead. This can be accomplished by one of two methods: 
~ Connect the AVcc terminals for the clock-recovery block together and use an inductor/ferrite bead 
to connect them to the digital plane. Then, connect the AVcc terminals for the clock-generation 
block together and use a second inductor/ferrite bead to connect these pins to the digital-supply 
plane. 
- Connect each AVCC terminal to the digital-supply plane using an inductor or ferrite bead and a 
0.1-yF bypass capacitor. . 


® Use low-inductance bypass capacitors, suchas 0.1-uF surface-mount devices, Ito reduce Voc noise 
due to output switching. The recommended bypassing is one bypass capacitor for each AVcc terminal 
and one bypass capacitor for each two Vcc terminals. 
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APPLICATION INFORMATION 


general layout considerations for the TNETA1500 (continued) 


The PECL inputs to the device are terminated using a split-resistor termination of 121 Q to ground and 
82 Q to Vcc. Placing the termination resistors close to the input terminals reduces the possibility of signal 
reflections and maintains the integrity of the signal waveform. The PECL outputs are also terminated using a 
split-resistor termination of 121 Q to ground and 82 Q to Vcc. The termination resistors should be placed as 
close as possible to the input terminals of the device that the TNETA1500 is driving to prevent reflections and 
maintain signal integrity. 


External capacitors must be connected to the analog PLLs to provide the loop-filter capacitance. One capacitor 
is required for each APLL. The recommended size of the capacitor is 0.001 — 0.1 uF. Since there is no 
measurable performance increase over the range of 0.001 — 0.1 uF, any size can be used. 


Figure 7 shows a typical connection between the TNETA1500 and fiber-optic or UTP-5 transceiver with PECL 
inputs and outputs. In this diagram, the AVcc terminals are broken out between the analog clock-recovery block 
and the analog clock-generation block. 








1 uF 
AVcc AGND me 
RSDT 
piety PECL-to-CMOS Serial-to-Parallel Receive ells 
R : Converter Converter Digital Logic ae 
RSDC ecovery Out 
TSDT i ATM 
CMOS-to-PECL Paralilel-to-Serial Transmit 
| Cells 
Converter Converter Digital Logic 
TSDC | In 
| | 
| | 
| | 
| | 
| | 
| pba PECL-to-CMOS | 
! Generation Converter | 
Le ee erent sos 
AVcc AGND 





NOTE A: The 0.1-pF capacitors are external and connected to the analog PLLs. 


Figure 6. Analog and Digital Blocks in TNETA1500 
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4.1 pH 


To Other Voc 


AVcc Terminals for Tarminale 


Clock-Recovery 
Terminals (34, 36, 40, 43) 







Power Plane 


Line 
Receiver 


(fiber optic 
or UTP-5) 





TNETA1500 


Line 
Transmitter 
(fiber optic 
or UTP-5) 


> og tive i= IP 


To Other Voc 


0.1 WF ai Zn 10 pF a 0.1 UF ar 0.1 uF ci 0.4 uF Terminals 


AVcc Terminals for Clock-Generation Terminals (47, 55) 


NOTES: A. Ifthe TXHCKT, TXHCKC, RSCT, and RSCC inputs are not used, they need to be terminated as follows: 
— TXHCKT (terminal 49) — 1-kQ resistor to Vcc 
— TSHCKC (terminal 50) — 1-kQ resistor to GND 
— RSCT (terminal 32) — 1-kQ resistor to Voc 
— RSCC (terminal 33) — 1-kQ resistor to GND 
. The FLAGT and FLAGC inputs contain internal pullup/pulldown resistors and can be left open. 
. All AGND and GND terminals are connected to the same ground plane. 
. It is recommended that one 0.1-yF capacitor be used for each two Vcc terminals (digital-power terminals). 
. Ferrite beads can be used in place of the 4.1-wH inductors. Listed below are the part numbers of beads from Fair-Rite Corporation 
_ that can be used. Other beads from other manufacturers may work as well: 
~— Surface-mount ferrite beads: 
— Fair-Rite P/N 2743021447 (long bead) 
— Fair-Rite P/N 2743019447 (short bead) 
~ Leaded ferrite bead: 
— Fair-Rite P/N 9743002111 


Figure 7. Board Layout for the TNETA1500 


mod w 
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® Recovers a 155.52-MHz Clock Signal From DW PACKAGE 
a 155.52-Mbit/s STS-3/STM-1 NRZ Data | Ore) 
Stream Voclh 1 24{] TESTI 
@ Accepts Pseudo-ECL (PECL) Input Voltage CPLLI] 2 o3f] TEST2 
Levels on the Input Data Stream GND] 3 22f] Voc 
®@ Provides a Separate Pseudo-ECL-to-True- DIN] 4 21{] CLK 
ECL Converter for an Additional Data INDIS[] 5 20{] CLK 
Signal Requiring Conversion DIN{] 6 191] GND 
e Requires a Single 5-V Supply VocY 7 18{] DOUT 
GNDI} 8 17] DOUT 
description TESTOUT [J 9 161] Voc 
GND] 10 151} DATAIN 


The TNETA1555 device recovers an embedded 
clock signal from a 155.52-Mbit/s STS-3/STM-1 DATAOUTTI 12 
nonreturn-to-zero (NRZ) data stream using a 
frequency/phase-locked loop. The device accepts 
PECL (ECL signals referenced to 5 V instead of GND) input-voltage levels. The recovered clock and data 
outputs are PECL compatible. The serial data input and recovered clock and data outputs are differential to 
provide maximum noise immunity. 


14{} DATAIN 
|| DATAOUT 


The input disable (INDIS) disconnects the incoming serial-data stream from the clock-recovery circuitry. When 
the INDIS input is high, the data output is forced low and the clock-recovery circuitry maintains the output 
frequency present at the time the input was disabled for a specific amount of time. This time is dependent upon 
the value of the capacitor in the loop filter. 


A PECL-to-ECL converter is included in the device for those applications where an interface between the two 
different voltage levels is required. An example of such an application is an optical transmitter that requires ECL 
input voltage levels and a parallel-to-serial converter with pseudo-ECL-level outputs. 


The TNETA1555 requires only a positive 5-V supply (5 V + 5 %) for operation. The device is characterized for 
operation over a temperature range of —40°C to 85°C. ‘ 


functional block diagram 


INDIS 
DIN 
DIN 






Clock Recovery 
(frequency/ 
phase-locked loop) 







DATAIN | PECL-to-ECL DATAOUT 


Converter 


DATAIN DATAOUT 
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7 Terminal Functions | . 


TERMINAL | : 
DESCRIPTION 
NAME N : | 


CLK, CLK 20, 21 Recovered clock output. PECL compatible. 





















Ee MOPME se | Capacitor connection for phase-locked-loop filter (CpLL = 0.1 uF recommended) 
| _DATAIN,DATAIN, 14,15 | |__| PECL-compatibleinputforPELIoEOLcowerer 
-[DATAOUT,DATAOUT_ 12,13 || ECL-compatible output for PECL converter 
PIN, 46 SeriatdatainputPECLcompatible, 
| ouT,pouT_ 18,17 |_| Serial data output. PECL compatible, 

a 

LO 

eae 

ie 

a 


Ground (0-V reference) . 


Input disable terminal (TTL compatible). The device ignores the input data 
INDIS is active and forces DOUT low and DOUT high. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 





INDIS wien 





TESTOUT 


O. 
2 
’ DIN ’ 6 
GND 3, 8, 10, 19 
5 
9 
TEST2 23 
| 24 
Voc :16, 





Supply voltage range, Voc (see Note 1)... ec ccc cece eee ee teen eee neeennes -0.5Vto7V 
INDUE VONAGE Tange, UTE: sacus xars tess tas cow dew don abishaeied ened aneee Gi. waa eae -.. *12Vt0O7V 
inpurvoltage ange, ECL. -cncoc oC uramvoumiatad petals vitumeeneeene steed nantes -5.5VtoO0V 
Input vollage range, PSCUGO-ECL. wa cesades eidedewa de bees sti edtereeneeeawiaws bide da enn OVto7V 
Operating free-air temperature range, Ty «1... eee ee ee eee eee eee ain armen eareahs -—40°C to 85°C 
StOrage 1EMPCIAlUIe LANDS 6 conas 2.8 we sassw veeeevwousaredels 74 pease aneeg wade oheaaicieais —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. | 

NOTE 1: All voltage values are with respect to the GND terminals. . 


recommended operating conditions 






[MIN NOM MAX | UNIT 
Vcc Supply voltage | | 4.75 5 5.25 
Vi, __Lowlevelinputvotage TLS SSSCSC~— CY 
voo=1 voo-08, V_ 


VIL Low-level input voltage, PECL (see Note 2) Voc -1.9 Voc -1.5 


TA Operating free-air temperature ; —40 85 


NOTE 2: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for 
logic-level voltages only. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Figure 1) 7 


PARAMETER TEST CONDITIONS MIN 


digniews Voc = 4.75 V to 5.25 V, +See Notes 2 and 3 Vcc -1.03 
oeeaneee Vcc = 4.75 V, See Notes 2 and 4 
Geanicual Voc = 4.75 V to 5.25 V, See Notes 2 and3 
PUPeENONage Voc = 4.75 V, See Notes 2 and 4 


INDIS Voc = 5.25 V, Vi = Voc or GND 


A 
Low-level DIN, DIN 
input current DATAI 


D 


UT, 
UT, 
I 
High-level DIN, DIN 
'H input current | DATAIN, DATAIN | YCC = 9-28 Vs aaa 
HL N, DATAIN 


Vcc = 5.25 V, fj = 155.52 Mbit/s, 
Outputs open 


Voc = 5.25 V, fj = 155.52 Mbit/s, 
See Note 5 


NOTES: 2. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for 
logic-level voltages only. 
3. These outputs are terminated through a 50-Q resistor to Voc —2 V. 
4. These outputs are terminated through a 50-Q resistor to —2 V. . 
5. DOUT, DOUT, CLK, and CLK are each terminated with a 50-Q resistor to Vgc -2 V. DATAOUT and DATAOUT are each terminated 
with a 50-Q resistor to —2 V. 


ICC — Supply current 








operating characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Figure 1) 





Acauisition time See Note 6 
CPL = 0.1 nF 
Deviation of clock sampling point, togp See Figure 1 | 800 800} ps | 
mputdatarate SSCS CCSC*S 
Duty cycle, recovered clock See Note 3 | 45% 55% En | 
Maximum number of consecutive bits (1 or 0) in input data stream | See Note 8 100 450 fe= aoaedl 


NOTES: 3. These outputs are terminated through a 50-2 resistor to Voc —2 V. | 
6. Acquisition time is the time required to achieve a valid clock output while applying a 2’ -1 pseudo-random bit sequence. 
7. RMS jitter is measured with a 231 —1 pseudo-random bit sequence. 
8. This measurement is made with a 213 —1 pseudo-random bit sequence with string substitution. 









switching characteristics over recommended operating free-air temperature range, 
Voc = 5 V + 0.5 V (unless otherwise noted) (see Figure 1) 


FROM TO 
PARAMETER rot ee Tw wax] nr 


tPLH DATAIN or DATAIN DATAOUT or DATAOUT 15 45{ ns | 
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4 


PARAMETER MEASUREMENT INFORMATION 





DIN 

DIN 

CPLL 

a DATAIN 


CPLL DATAIN 


0.1 uF “: 


Voc -2V 


- DATAOUT 
DATAOUT 


~ LOAD CIRCUITS 

\¢——_>-- 3.215 ns DATAIN —-__________ FAR, Vi 

| : or 50% 50% 
DIN 50% ! 50% DATAIN | | Vit 

| 
CLK 50% | 4 50% DATAOUT | ! VOH 
—>| lt tesp DATAOUT. VOL 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 


OUTPUT CLOCK AND DATA TIMING 


PROPAGATION DELAY TIMES 


Figure 1. Load Circuits and Voltage Waveforms 
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introduction 


The TNETA1555 clock-recovery device provides clock recovery and data retiming on a nonreturn to zero (NRZ) 
serial input data stream. The device uses an analog phase-locked loop (APLL) with an integrated voltage 
controlled oscillator (VCO) to recover the imbedded clock signal from incoming data. A loop-filter capacitor is 
the only external component required for the proper operation of the device. The TNETA1555 is designed for 
operation with a 155.52-Mbit/s serial-data stream. The device has pseudo-ECL compatible inputs and outputs 
and operates from a single 5-V supply. Pseudo-ECL levels are referenced to 5 V instead of ground. : 


Since the incoming 155.52-Mbit/s data stream does not contain a 155.52-MHz frequency component, a 
transition detector, shown on the clock-recovery block diagram, is used as a frequency doubler to generate this 
frequency. The output of the transition detector is passed to a phase/frequency detector where it is compared 
to the output of the VCO. The phase/frequency detector is actually comprised of two circuits. One circuit provides 
a coarse frequency-detection capability and a second provides a finer phase adjustment. The phase/frequency 
detector compares the signal from the transition detector to the VCO output and generates signals to either 
increase or decrease the VCO frequency, depending upon whether the VCO frequency is less than or greater 
than the frequency of the signal from the transition detector. The up/down pulses are sent to the charge 
pump/loop filter for conversion to a bias voltage that sets the VCO output frequency. 


The process of comparing the input signal frequency and the VCO output frequency is continuous and 
eventually results in the VCO output frequency equaling the frequency of the input signal. It also allows the VCO 
output to react to changes in the input signal due to jitter. The recovered clock output is sent from the VCO to 
the retiming circuit where the input data is retimed to the recovered clock. The retiming circuit centers the output 
clock in the middle of the output data. 


clock-recovery block diagram 



























CPLL 
DIN Transition Phase/Frequency Charge Pump/ Pee 
Detector Detector Loop Filter Oscillator 
Recovered seek 
Retiming pies 
Circuit CLK 
CLK 





performance measurements 


Measuring the performance of a clock-recovery circuit involves determining how well the circuit operates in the 
presence of jitter. Jitter is defined as the short-term variations of digital signals significant instants from their ideal 
positions in time (see Note 9). For testing purposes, jitter is usually generated by modulating a digital data 
sequence with a sinusoidal waveform of a known frequency. This results in a digital data stream where the 
widths of the individual data pulses vary with time. The amount of pulse-width variation can be changed by 
altering the frequency and amplitude of the modulating signal, which changes the amount of jitter in the data 
stream. The following paragraphs describe the test results obtained from the TNETA1555 for various 
performance measurements. : 


-NOTE 9: Bellcore technical reference TR-TSY-000499 Issue 3, December 1989, page 7-1. 
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RMS jitter | 


This test provides a measure of the internal jitter performance of the clock-recovery circuit. A data stream with 
very low jitter (all data generators have a small amount of jitter) is input to the clock-recovery device, and the 
jitter of the recovered clock is measured. A 231—1 pseudo-random bit sequence (PRBS) is used for the input 
data stream. For this test, the worst-case jitter performance was measured with Voc = 4.75 V at an operating 
free-air temperature of 85°C. Table 1 summarizes these test results. 


Table 1. Worst-Case RMS Jitter Measurement, Vcc = 4.75, Ta = 85°C 


|. DeviceNo. | 7 | 2 | 3 | 4 | 5 | 6 | 7 |e fo 


Jitter . 


Jitter tolerance is a measure of the ability of the clock-recovery circuit to tolerate an input signal without 
experiencing a bit error. For this test, the Bellcore SONET category II jitter-tolerance mask was used (Bellcore 
specification TR-NWT-000253). The worst-case performance was measured with Voc = 5.25 Vat an operating 
free-air temperature of 85°C. Table 2 and Figure 2 show the results of this test. | 










jitter tolerance 


Table 2. Jitter Tolerance Values Used in the Graph of Figure 2 
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jitter tolerance (continued) 


JITTER TOLERANCE (worst case) 


100 ex eens 
++ aaasiman oe SS +4 
rh tt —a tt wee 1 Eos fae os meet 


eee Ee | Bil Soot om taal 
ig SST rae 


=m Seino TNETA1555 Soot i ie ett 


Sei seis res | a a 
SEE 


19 es Dee es ee EE ES 
ne ee ee, “SS Sioa ee a DS Bi  ———t— ies Sane Oo 80 GOED ces 


Peak-to-Peak Sinusoidal 
input Jitter Amplitude — Unit Interval 
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Figure 2 


transitionless bit periods 


The SONET/SDH specifications do not use a line code that limits the number of transitionless bit periods in a 
bit stream to a specific number. Instead, a scrambler is used to provide some randomization of the line signal. 
As long as the output data stream does not match the output of the scrambler; this technique works fairly well. 
However, it is possible for the scrambled data stream to contain a large number of transitionless bit periods, 
depending upon the data being transmitted. It is important that the clock-recovery device handle large numbers 
of transitionless bit periods without causing a bit error. Figures 3 and 4 show the results of tests conducted on 
the TNETA15565 for transitionless bit periods. The y-axis shows the number of transitionless bit periods that the 
devices can accept before a bit error is recorded on the bit-error rate tester. 
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transitionless bit periods (continued) 


Number of 1 Bits 


1000 7, aa 
| LAN Yoo = 525 


MAXIMUM NUMBER OF HIGH BITS MAXIMUM NUMBER OF LOW BITS 
WITHOUT A BIT ERROR | | WITHOUT A BIT ERROR 





800 7] 
600 VA rea] 
© 
o 
E 
a a, 
ATER ) 
7 i. 
iM Ena 
0 is 
-40 -20 0 20 8 40 60 80 100 -40 -—20 20 40 100 
Ta — Operating Free-Air Temperature — °C | Ta - ae Free-Air ee -—°C 
Figure 3 | Figure 4 


jitter transfer (peaking and bandwidth) 


SONET/SDH regenerator interfaces are required to meet jitter-transfer requirements. Jitter transfer is the ratio 
of measured output jitter to applied input jitter, and it is measured in decibels. Meeting the jitter-transfer 
requirement in SONET/SDH regenerators requires either a clock-recovery circuit with a voltage-controlled 
crystal oscillator (VCXO) or a similar technique that provides extremely low jitter. The TNETA1555 provides a | 
typical jitter-transfer bandwidth of approximately 2 MHz. This is where the device begins to attenuate the input 
jitter so that the output jitter is less than the input jitter. The device exhibits minimal jitter peaking when a capacitor 
of approximately 0.1 uF is used in the loop filter. The peaking is less than 0.3 dB, which is the resolution of the 
test equipment used to measure this parameter. 


external connections 


loop-filter capacitor 


The capacitor for the loop filter is connected from terminal 2 of the TNETA1555 to ground. It is recommended 
that a 0.1-yF chip capacitor be used. A smaller capacitor reduces the amount of acquisition time required for 
the device to lock on to the input data stream while it increases the amount of jitter peaking that can occur. A 
larger capacitor results in a longer acquisition time and does not provide any noticeable increase in jitter 
performance. | 


signal connections 


Figure 5 shows a typical connection between the TNETA1555 clock-recovery device, an optical-to-electrical 
converter, and a framer device. The TNETA1555 clock-recovery circuit accepts pseudo-ECL compatible signals 
at the serial data inputs DIN and DIN. The retimed pseudo-ECL clock outputs are provided at outputs CLK and 
CLK. The pseudo-ECL inputs and outputs require a 50-Q termination to Voc —2 V (or a Thevenin equivalent). 
The Thevenin equivalent circuit consists of an 82-Q resistor to Voc and 120-Q resistor to ground. 
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signal connections (continued) 


A separate pseudo-ECL to ECL converter is also provided on the TNETA1555. The pseudo-ECL inputs require 
a 50-Q to Voc —-2 V termination (or a Thevenin equivalent) and the ECL outputs require a 50-Q to -2 V 
termination (or its equivalent). Figure 6 shows the external connections for the pseudo-ECL to ECL converter. 






T 0.1 WF Vec 
ake Voc -_ 
= 82 Q $120 Q 
Vcc 
82 Q 120 Q 


155.52-Mbit/s 


Framer 


Optical-to- 
Electrical 
Converter 





NOTES: A. Terminating resistors should be placed as close to the input terminal as possible. 
B. The 0.1-yF bypass capacitors should be connected from the Vcc terminals to ground. 


Figure 5. TNETA1555 External Connections (PECL-to-ECL converter not used) 





Vcc 

TNETA1555 -5V 

82.Q $1200 82.Q $120 Q 

naeare DATAIN ai 

DATAIN IN 
PECL- Level ECL- Level 
Device 82.Q 21200 82 Q 120 Q Device 

Voc = A5Y 


Figure 6. External Connections for PECL-to-ECL Converter 
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@ SBus Device That Provides Asynchronous @ Explicit Cell-Level Interleaving Between 
Transfer-Mode Interface Groups of VCs 

® Single-Chip Segmentation and Reassembly @ Packet Interface Ils Managed by Efficient 
(SAR) for Full-Duplex ATM Adaptation- Descriptor Rings 
Layer (AAL) Processing ® Physical (PHY)-Layer Interface Is Full 

® On-Chip SBus Host Interface Allows Use of Duplex and Compliant to the ATM Forum 
Host Memory for Packet SAR UTOPIA Contribution 

® 53-Byte ATM Cells Are Transparent to the ® Supports PHY-Layer Data Rates in the 
User Range of 25.6 Mbit/s to 155.52 Mbit/s 

@ Provides Complete Encapsulation and @ Interfaces Directly to the TNETA1500 
Termination of AAL5 and Limited AAL3/4 SONET ATM BiCMOS Receiver/ Transmitter 

@ Features a Null AAL That Provides (SABRE) 
Functions for Constant-Bit-Rate Services @ Recognizes ATM-Layer Operation and 

© Supports 1023 Unique Virtual Circuits | Maintenance (OAM) Cells 
(VCs) on Receive Side ® No External Logic Required for Host Bus to 


Ensure Simple Design 


description 


The TNETA1560 is an asynchronous transfer mode (ATM) segmentation and reassembly (SAR) device with 
an SBus interface. This device incorporates ATM adaptation-layer (AAL) processing, ATM SAR processing for 
full-duplex operation up to the STS-3c rate of 155.52 Mbit/s, and the controls for the register interface on the 
physical (PHY) layer. The device provides a packet interface that is managed by descriptor rings, making the 
53-byte ATM-framing format transparent to the user. The device passes the payload of 48 bytes, constituting 
the payload of each cell, across the SBus-host interface. All packets are segmented and reassembled in host 
memory and accessed by the chip via the descriptor-ring mechanism. This operation reduces the memory 
requirements for network-interface cards (NICs). The TNETA1560 requires no local processor on the card, 
which enables very compact solutions. 


The applications for the TNETA1560 include NICs for client workstations and servers, embedded applications 
like LAN emulation, and multiprotocol systems like video servers. The TNETA1560 provides complete AAL5 
encapsulation and termination in hardwdre. In addition, limited support is provided for AAL 3/4, and a null AAL 
is provided to facilitate real-time data transfer. The TNETA1560 recognizes ATM-layer operation and 
maintenance (OAM) cells. 


In the transmit direction, the TNETA1560 generates data via a special bit-rate control table that provides explicit 
cell-level interleaving between groups of virtual circuits (VCs). This mechanism brings a higher degree of 
flexibility when specifying peak rates for each group (up to 155.52 Mbit/s at a resolution greater than 32 kbit/s). 
The VCs within a group are serviced via a first-in, first-out (FIFO) discipline on a per-packet basis. 


In the receive direction, the TNETA1560 allows multiple virtual paths (VPs) with the condition that each VC is 
unique. The device is primarily intended for AAL5 encapsulation and termination that is supported in hardware. 


The TNETA1560 has four interfaces that include: the SBus interface with a 32-bit-wide data bus, the cell 
interface based on the universal test and operations interface for ATM (UTOPIA), a control-memory interface 
to access the local SRAM, and the local-bus interface to access the PHY-layer register and an EPROM. The 
UTOPIA interface to the PHY layer consists of an 8-bit-wide data path and associated control signals in both 
the transmit and receive directions. The 53-byte ATM cells pass between the ATM and PHY layers. 


Copyright © 1994, Texas Instruments Incorporated 
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PGC PACKAGE 























(TOP VIEW) ; 
ON Oo 
wore =—=nOn ODO Ws + 
F BEE BESES S88 
x ~ Oo on ow +o Sol onwnnr oO wOosOnNe oO 
Hie ok Be oN eSo oe ng Oe SBOE none neo BERS —BBABROS BSS? Se e880 S29 
BD OD OS SS Se BS SS SB oS SSS Oo SS eS Se eSe oS SSS S28 SESS BSS SSS2S55 
DION >HNOOOODOOOCOUS O00 OF DO OOOO SO00 0000 OOOO SOOQCOCOOUOCOOOSO0COCOOUO0O 
eee ee ee ee ee ee ee eee eee ee ee ee ee ee ee eee ee ee EERIE EERO RRR RRR aR aI IRS 
SBBG C 3&8 85 ¢2¢3 $3585 88s GR WAR AFR P SEF OF =~ Bh oMaADDR2 
SBAS C 1) CMADDA1 
SBIRO O 1 Voc 
GND 1 GND 
Vec O 1} CMADDRO 
sBp0 N GND 
sB01 C  TESTI3 
sBD2 O MN TESTI2 
SBD3 O D GND 
Voc O  CMR/W 
GND n 
sBp4 C  TCLK 
$BD5 O ‘ 
sBp6 n TSOC 
SBD7 1 Voc 
GND D TDATA7 
Veo © ) TDATAG 
sBps © D TDATAS 
ssp9  TDATA4 
sBD10 C  TDATAS 
sp011 C 1 GND 
Voc & Ht TDATA2 
GND D TDATAI 
sB012 H TDATAO 
,$B013 0 H 
sBp14 0  RCLK 
SBD15 U H Voc 
Gnd C D RSOC 
Veco 4 J RXEMPTY 
SB016 4 WJ RXENABLE 
$B017 G 1 RDATA7 
sppi8 C D RDATAS 
sBpi9 O D GND 
Veco G 1) RDATAS 
GND G D RDATA4 
$Bp20 O r] RDATA3 
$B021 O 1) RDATA2 
$Bp22 C D RDATAI 
$BD23 LW Voc 
GND O 1 RDATAO 
Veco O D LBADDR15 
$pp24 O N LBADDR14 
spp25 G D LBADDR13 
spp26 D LBADDR12 
$Bp27 O GND 
Veo G 1) LBADDR11 
GND O  LBADDR10 
spp28 C H LBADDRS 
spp29 O D LBADDRS 
sep30 H GND 
spp31 O D Voc 
“GND  LBADDR7 
Vee 4  LBADDR6 
SBPAO &  LBADDRS 
SBPA1 YU H LBADDR4 
SBPA2'C H LBADDRS 
Gnd O H GND 
Veco & 7 H LBADDR2 
sepa3 O H LBADDR!1 
spam 8 8§ 858538 5853 2 FF 5885 Be 8 BB B Beep eee 
LS tj Lad CJL CELI LICE LIU Gi LILI CI CI CIC LILI LILI Vgc uru luli tl GU DiciwJ UOC LLC ULL LILI LI LLU LILI UCI LI LILI LI CI LI LILI CL 
CEAQRDOKN QNTOHNMNO 2OOS SH NESOTR WERK NNQTNRHKRAOK AMT QHOHMIMAZAQipPrax Qr>- 
gs F228 cee S a ced GAPE SS OSS TNE 2 elu 8855 8588 5285835 Sa 8 ORS Belly 2 o SEI 
Don agtos Beane OLf2 Mogasw RW SHHH HDHD DG eb ited | | ed <5 
B58 BO000 “BAR SoaRr rig ew we ee |e = Pe 
Oi w - ba 
a 5 





description (continued) 


The native clock for the TNETA1560 is the SBus clock, which can range between 16.67 MHz and 25 MHz. The 
native word size for the device is 32 bits, corresponding to the data width for the SBus. The control-memory 
interface is 32 bits wide. This interface allows the device to access the local memory to obtain the control 
information onthe packets being segmented and reassembled and to obtain their locations in host memory. 
Each packet queued for transmission can be distributed across multiple buffers in host memory with each 
starting at any byte boundary. This is supported in hardware by the device. Every received package is placed 
in a single buffer in the host memory and is aligned to a 16-byte boundary. The TNETA1560 operation is 
explained in detail in the Principles of Operation section. 
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Terminal Functions 


SBus interface 















TERMINAL 
/0 DESCRIPTION 
NAME ; 


SBus acknowledge. SBACK2—SBACKO are used to indicate SBus word acknowledgement for 
word operations on the TNETA1560 registers and control memory if set to 011. If set to 101, the 
SBus byte acknowledgement is for local bus operations. An error acknowledgement is indicated 
if set to 110. SBACK2-SBACKO can be driven by the system or by the TNETA1560 in siave mode. 


[SERS “eT is acres obo, Wen S8AS stow. an adres is leaden the TNETANOO. 
[sss sr [1s bs art S886isassoredty ho Ss contro make the TNETATGEO ie raion 
| SBBR i (‘asst COC SBus request. SBBR is asserted by the TNETA1560 to request operation as the SBus master. 


66-69, 
72-79, 
78-81, 
84-87, 
90-93, 
96-99, 
102-105, 
108-111 























SBACK2— 
SBACKO 






139-141 
































SBus data bus. SBD31—SBD0 provide access from the host to the contents of the TNETA1560 


SBD31—-—SBDO 
internal registers. 






SBus interrupt request. SBIRQ is asserted by the TNETA1560 to send an interrupt request to the 


za 
Oo 
7) 


PRODUCT PREVIEW 


SBus late error. SBLERR is considered a fatal error. SBLERR causes the TNETA1560 to terminate 
the ongoing master-bus cycle. If SBLERR is a burst transfer, it completes the burst. 










114-116, 
19-123, 
125-129, 
131-133 


SBPA22—SBPA23 134-135 


SBRESET 150 


SBRD 138 
SBSEL 60 SBus select. SBSEL is active low and enables the host to access the TNETA1560 device. 


SBSIZ2—SBSIZO 143-145 SBus data-transfer size signals. SBSIZ2—SBSI|Z0 are used to indicate the size of data transfers 





/O 
SBus physical address. SBPA15—SBPA0 and SBPA22 — SBPA23 provid 3 the address for the host 
to access the peripheral devices and the TNETA1560 internal registe’s via SBus slave-mode 
transactions. 


ales SBus reset. SBRESET is active low. 


SBPA15—SBPAO 


















O SBus read. SBRD can be driven by the system or by the TNETA1560 when SBRD Is operating as | 
the master. SBRD indicates a read when high and a write when low. 





I/ 
/ 


between the TNETA1560 and the host. 
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Terminal Functions (Continued) 


PHY-layer receive interface 


TERMINAL 
/O DESCRIPTION 
NAME - NO. 


RCLK _ 215 Receive clock. RCLK is equivalent to the internal clock at 19.44 MHz. RCLK is sent to the PHY layer. 


201. 
Receive data. RDATA7—RDATAO are connected to the PHY-layer receive interface. 


| RDATA7—RDATAO = =_203-207, 
Receive start of cell. The PHY layer sends RSOC with the output data. : | 


209-210 


ASO ats | 
af Receive buffer empty in PHY layer. RXEMPTY acts as an inverted enable signal on the PHY-layer 
























RXEMPTY 212 
receive. 


RXENABLE 211 Receive enable. RXENABLE is active low and is driven by the TNETA1560. 


PHY-layer transmit interface 
TERMINAL 
vO | DESCRIPTION 

NAME NO. 

TCLK 299 | Transmit clock. The TNETA1560 generates TCLK at the SBus frequency and sends it to the PHY 
layer. TCLK is an inverted version of the internal clock. . 

217-219, Transmit data. TDATA7—TDATAO are sent at the rate of the SBus clock and are driven by the 
TDATA7—TDATAO 001-295 oe TNETA1560. | 

TSOC 297 Transmit start of cell. TSOC is sent to the PHY layer with the transmit output data and indicates that 

the first byte of an ATM cell was transmitted to the PHY layer. 


























TXENABLE 08 Transmit enable. The TNETA1560 turns off TXENABLE when the PHY layer sends the TXFULL 
signal. 

TXFULL p , 6 Transmit buffer full in the PHY layer. The PHY layer asserts TXFULL at least four cycles before any 

internal buffers are full. This makes the TNETA1560 stop the data transmission to the PHY layer. 


DESCRIPTION 


control-memory interface 


TERMINAL 
NAME NO. 


236 
239-240, 
1-3, 
5-9, 
11-13 


CMADDR13-—- 
CMADDRO 


Control-memory address. CMADDR13-CMADDRO are used to access the data structures in 
control memory. 


data from its data structures in the control memory. 


Control-memory output enable. CMOE is an active-low signal. 


Control-memory read/write. CMR/W determines a read or write operation. If CMR/W is low, itis a 
write operation. If CMR/W is high, it is a read operation. 


CMOE 230 


CMR/W 231 


0 
Control-memory data bus. CMD31—CMDO0 are 32-bit data bus. This control-memory interface is 
CMD31-—CMDO /O | designed for 20-ns asynchronous SRAMs. The TNETA1560 uses CMD31 —-CMDO0 to write and read 
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Terminal Functions (Continued) 
local-bus interface 


TERMINAL 
/O DESCRIPTION 
NAME NO. 


181-183, 
LBADDR15— 185-189, Local-bus address. LBADDR15—LBADDRDO are the lower 16 bits of the SBus address bus and are 
LBADDRO 192-195, routed directly to the local-bus address lines. 
197-200 


LBD7 — LBDO oe Local-bus data. LBD7—LBDO are used to transfer data to/from local slave devices. 


LBEPROMCS 170 PO. Local-bus EPROM chip-select. LBEPROMCS is an active-low signal. 


LBINTR 179 a Local-bus interrupt. LBINTR is generated by a local-bus device. 


LBPHYCS 171. | © | Local-bus PHY-layer chip select. LBPHYCS is used to interface with PHY-layer devices. 


LBRD 174 Oo 3 Local-bus read. LBRD is an active-low signal that indicates a read operation. 


Local-bus-ready. LBREADY is driven by local slave devices. The bus transaction must be 
LBREADY 180 completed after eight SBus cycles regardless of LBREADY. LBREADY is accepted by the 


TNETA1560 as a handshake from the devices on the bus. 


LBRESET 175 em Local-bus reset output. LBRESET is an active-low signal. ? 


LBRW LO. Local-bus write. LBRW is an active-low signal that indicates a write operation. 





control and configuration 


TERMINAL | 
0 DESCRIPTION 
NAME NO. 


PHYCLOCK 177 ei PHY-layer clock. PHYCLOCK is a 19.44-MHz clock signal driven by a PHY-layer clock crystal. 


147, 
TESTI3-TESTIO 149, 
233-234 


‘ TESTMODE 151 Test-mode configuration. TESTMODE is tied low for normal operation. TESTMODE is for 
manufacturer use only. 

TESTO7-TESTOO 152-159 V0 Test signals. TESTO7 — TESTOO are left open for normal operation. TESTO7-—TESTOO0 are for 
manufacturer use only. 


power and ground 


TERMINAL 
DESCRIPTION 
NAME NO. | 
GND 4, 16, 23, 28, 40, 47, 52, 56, 64, 71, 76, 83, 88, 95, 100, 107, 112, 117, 124, 136, 148, 160, Graund 
172, 176, 184, 191, 196, 208, 220, 232, 235, 237 


Test signals. TEST13-—TESTIO are for manufacturer use only. These signals are tied low for normal 


operation. 









10, 22, 34, 41, 46, 58, 65, 70, 77, 82, 89, 94, 101, 106, 113, 118, 130, 137, 142, 166, 178, 
Yoo 190, 202, 214, 226, 238 Supply voltage | 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Voc (See Note 1)... 6. cece cc eee eee eee ener neces cannes -0.5Vto6V 
INDUEVOMAOE TANdSs Vi cee sche t nor ae et aaee akan + te G ee Rad teen eens Cee oueas —0.5 V to Voco + 0.5 V 
Output voltage: range; VO). arte itt hwweutalied esuewwedaureuwdenee wanton the eda bean -0.5 V to Veg + 0.5 V 
Input clamp current, l\x (Vj <0 or V)>Voc) (see Note 2) oo. eee eee cece eee +20 mA 
Output clamp current, lox (Vo <0 or Vo > Vcc) (See Note 3) 2... eee eee eee eee eee +20 mA 
Operating free air temperature range, Ta ....... ccc ccc cece eee ee cece nen e en eneeee 0°C to 70°C 
Storage temperature range ........ ec c eee cette eee eeaes PpneMawaae selena i —65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to the GND terminals. 

2. Applies for external input and bidirectional buffers 
3. Applies for external output and bidirectional buffers 


recommended operating conditions 


ee UNIT 
TT Pars seas] Vv 
Weosae 
CMOS 
Vo a 525V | 3675 V 
a Cre 
CMOS ce* 
evs _Lvensas¥ — 


electrical characteristics over recommended operating conditions, Ta = 25°C (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS MIN MAX] UNIT 
vou High-level Sate voltage one oo 
lol =4mA Voc—0.8 
VOL Low-level output voltage 
ioL= 4 mA 
High-impedance state output current Vi = Voc or GND a 
Low-level input current V,; = GND Pt pA 
High-level input current Vi=VCC are a 





















High-level input voltage 





VIH 














VIL Low-level input voltage 









Ta Operating free-air temperature 
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timing requirements (see Note 4 and Figure 1) 


NO IN a NT 
2 Piwcunty —Puseduratin ACLKow SS CSC~dC 

| 3 | tsu(Rsoc) Setup time, RSOC high before RCLKT 10 
pe 
Eee 


<a 
ee 
i 









) 7 
tsu(RDATA) Setup time, RDATA valid before RCLKT 
th(RSOG) Hold time, RSOC high after RCLK7 Pt 
th(RXEMPTY) Hold time, RXEMPTY low after RCLKT ae er 


NOTE 4: All output signals are generated on the rising edge of RCLK. 
operating characteristics (see Note 4 and Figure 1) 


1 
PNO [TT 
| 8 — | tqRXENABLE) _ Delay time, RCLKT to RXENABLET : | 4 20] ns | 


NOTE 4: All output signals are generated on the rising edge of RCLK. 


RCLK | 
(output) 





| | 8 se 
RXENABLE | | 
(output) | 
| le-3-pleol 6 
RSOC | | 
(input) | | 















RDATA7— SSN 
RDATAO ROSELL 
"put ORY 


RXEMPTY 
(input) 


Figure 1. Receive-Cell Interface 
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timing requirements (see Note 5 and Figure 2) 






tw(TCLKH) Pulse duration, TCLK high 


tw(TCLKL) Pulse duration, TCLK low Te 
a tsu(TXFULL) Setup time, TXFULL low before TCLKT 
| 4 | tyerxFULL) Hold time, TXFULL low after TCLKT 


NOTE 5: All output signals are generated on the rising edge of RCLK. All inputs are sampled on the rising edge of TCLK. 








operating characteristics (see Note 5 and Figure 2) 


NO IN max] nit 

[5 TtacTXENABLE) _ Delay time, TCLKT to TXENABLEL [+ 20) ns 
| 6 — | tacrsoc) Delay time, TCLKT to TSOCT T+ 20] 1s | 
| 7 ‘| tacrDATA) Delay time, TCLKT to TDATA valid [7 20, ns 


NOTE 5: All output signals are generated on the rising edge of RCLK. All inputs are sampled on the rising edge of TCLK. 


| | 
TCLK 

(output) | 

ler 5 | | 
TXENABLE | | 

(output) | 

ep | | 
 tsoc | / : 

(output) | 

eo 7 
TDATA7-— — 
_ (output) : 


| 
TXFULL . ° 
(input) 


Figure 2. Transmit-Cell Interface 
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timing requirements (see Figure 3) 


NO IN Ma] oT 

tsu(SBBG) Setup time, SBBG low before SBCLKT p15 Tons 
tsu(SBACK) Setup time, SBACK2-SBACKO valid before SBCLKT 
th(SBACK) Hold time, SBACK2—SBACKO valid after SBCLKT ae ee a 


operating characteristics (see Figure 3) 


td(SBRD) Delay time, SBCLKT to SBRDL 
td(SBSIZ) Delay time, SBCLKT to SBSIZ2—SBSIZO valid 


t Numbers are given for SBus clock frequency of 25 MHz. 
















SBCLK 
(input) 


SBBR 
(output) 


SBBG 
(input) 


SBD31—- 
SBDO 
(output) 
SBRD 
(output) 


SBSIZ2- 
SBSIZO 
(output) 
SBPA 
(input) 


| |@— 
3 
SBACK2—- 
SBACKO ED CD ee, CEE ED re, CE ED en, CED ee, GD ee, CED ee, CD ee, 
(input) 


TVA = Virtual address 
Figure 3. TNETA1560 Write Operation (TNETA1560 as Master in This Burst Operation) 








wy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-47 


PRODUCT PREVIEW 


MalAaYd LONGOYd 


| tsu(SBACK) Setup time, SBACK2—SBACKO valid before SBCLKT 


TNETA1560 
ATM SEGMENTATION AND REASSEMBLY DEVICE — 
WITH SBUS HOST INTERFACE 


SDNS010B — JANUARY 1994 — REVISED DECEMBER 1994 





timing requirements (see Figure 4) | | | 


NO MINX] 
tw(SBCLKH) Pulse duration, SBCLK high | 7 : aa eo 
tw(SBCLKL) Pulse duration, SBCLK low | | | | 


tsu(SBBG) Setup time, SBBG low before SBCLKT 
tsu(SBD) ._—- Setup time, SBD31-SBDO valid before SBCLKT foie: ne 














| 6 | th(SBp) Hold time, SBD31-SBDO valid after SBCLKT | ee oe 
th(SBACK) Hold time, SBACK2—SBACKO valid after SBCLKT | 0] ons 
| 8 — | th(SBBG) Hold time, SBBG low after SBCLKT : To. | ns | 


operating characteristics (see Figure 4) 


NO IN mani 

td(SBBR) Delay time, SBCLKT to SBBRU. 25 22 
td(SBD) Delay time, SBCLKT to SBD31-SBDO valid 25 22 pons 
td(SBRD) Delay time, SBCLKT to SBRDT 25 22 


td(SBSIZ) Delay time, SBCLKT to SBSIZ2-SBSIZO valid 
t Numbers are given for SBus clock frequency of 25 MHz. 


uiloniale 


ge a A NST NH OS NT TT 
(input) | — | | 


t- 9 
san * = 
(output) 


















SBBG 
(input) 


SBD31- | 
SBD0 LLQOQYOOOY 


(I/O) 









SBRD 
(output) 
12 
SBSIZ2- gil pa | 
SBSIZO PoC aa, a SS EEA 
(output) ! 
SBPA 
(input) 
5 
-SBACK2 . ole | 
SBACKO Ce ED en Ce ED oC ED ne, CE ED ee, CD en, CE ee, OD ee, 0 
(input) | 


T VA = Virtual address 
Figure 4. TNETA1560 Read Operation (TNETA1560 as Master in This Burst Transfer) 
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timing requirements (see Figure 5) 


NO MIN ax] 
tsu(SBRD) Setup time, SBRD high before SBCLKT 
tsu(SBPA) Setup time, SBPA valid before SBCLKT 
[seed SBAS 
: 
[ee 
a 









tsu(SBAS) Setup time, SBAS low before SBCLKT 


th(SBD) Hold time, SBD31—SBDO valid after SBCLKT 
( 

th(SBPA) Hold time, SBPA valid after SBCLKT 

th(SBSEL) Hold time, SBSEL low after SBCLKT 


operating characteristics (see Figure 5) 


NIN maxi 
td(SBACK) Delay time, SBCLKT to SBACK2—SBACKO valid 25 22 


tT Numbers are given for SBus clock frequency of 25 MHz. 





th(SBSIZ) Hold time, SBSIZ2-SBSIZO valid after SBCLKT ae eo 


SBCLK 


gmput) ZN SNS Nf NS NA NSN ANS NS 
SBBR | | | 


(output) fo 
| | 
SBBG Oe 





(input) | | | 
| | le—7—>| 
| | iae | 
SBD31 - | 
SBDO QCOQCOOOOOY9 | (__Data_) 
oe le 2 | | 
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Figure 5. TNETA1560 Read Operation (TNETA1560 as Slave) 
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_ Figure 6. TNETA1560 Write Operation (TNETA1560 as Slave) 
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Figure 7. Local-Bus-Interface Read Operation (TNETA1560 as Slave) 
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Figure 8. Local-Bus-Interface Write Operation (TNETA1560 as Slave) 
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Figure 9. Control-Memory-Interface Write Operation 


timing requirements (see Figure 10) 
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operating characteristics (see Figure 10) 
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Figure 10. Control-Memory-Interface Read Operation 
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functional overview 


SBus SAR refers to an SBus device (TNETA1560) that provides an ATM interface. The device provides an 
interface to SBus, ATM adaptation layer processing, ATM SAR processing for full-duplex ATM at the STS-3c 
rate of 155.52 Mbit/s, and the controls for the register interface on the physical (PHY) layer. Figure 11 shows 
a typical connection to the SBus SAR in an adaptor-card application. 


Local Slave Bus 8 
8 SBus Physical | 
> 7 
S SAR ‘Layer Media 


Control 
Memory 


SBus 
EPROM 





32 
Local Memory Bus 


Figure 11. SBus SAR External Connections 


The SBus SAR provides a packet interface managed by descriptor rings, making the 53-byte ATM framing 
format transparent to the user. The device passes the 48-byte payload of each cell across the SBus. All packets 
are stored in host memory and accessed by the chip via the descriptor-ring mechanism. 


The SBus SAR generates data in the transmit direction via a special bit-rate control table that provides explicit 
cell-level interleaving between groups of VCs. This mechanism provides a high degree of flexibility in specifying 
peak rates for each group, up to 155.52 Mbit/s at a resolution greater than 32 kbit/s. VCs within a group are 
serviced via a FIFO discipline ona per-packet basis. 


The SBus SAR supports 1023 unique VCs, typically all associated with virtual path identifer (VPI) 0. The SBus 
SAR allows multiple VPs with the caveat that each VC is unique. Limited support is provided to recognize ATM 
layer OAM cells. 


The device is primarily intended for ATM adaptation layer type 5 (AAL5) encapsulation and termination, which 
is fully supported in hardware. Limited support is provided for ATM adaptation layer type 3/4 (AAL3/4) with 
48-byte transfers across the SBus interface and hardware recognition of the EOM indicator on the receive side. 
Finally, a null AAL is also supported to facilitate real-time data transfer. | 


The interface to the PHY layer consists of an 8-bit-wide data path and associated control signals in both the 
_ transmit and receive directions. The 53-byte ATM cells pass between the ATM and PHY layers. 





ws TEXAS 
INSTRUMENTS 


2—54 ' POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 


TNETA1560 
ATM SEGMENTATION AND REASSEMBLY DEVICE 
WITH SBUS HOST INTERFACE 


SDNS010B - JANUARY 1994 —- REVISED DECEMBER 1994 


PRINCIPLES OF OPERATION 


functional overview (continued) 


The native clock for the SBus SAR is the SBus clock, which can range between 16.67 MHz and 25 MHz. The 
8-bit-wide data path on the PHY-layer receive interface requires a clock rate of at least 19.44 MHz when 
interacting with a 155.52 Mbit/s PHY-layer. The PHY-layer receive interface uses the the PHY-layer clock. The 
native word size for the device is 32 bits, corresponding to the data-bus width for SBus. 


glossary and conventions 


This section presents several special terms and conventions used throughout this document. It is nota complete 
list of abbreviations. 


transmit direction 

The direction of data flow from SBus to the ATM PHY layer 
receive direction 

The direction of data flow from ATM PHY-layer to SBus 
two’s-complement value 


A number in two’s complement is given by (0 — actual positive value) modulo (2"), where n is the number of bits 
in the field. 


GFC 

Generic flow control field. Appears in the upper four bits of the ATM cell header at the UNI. 
EOM 

End of message 
EOP 

End of packet 

NCE 

Network control engine 


functional description 


packet interface 


The SBus SAR uses host memory to store the 48-byte payload units that constitute a packet in both the transmit 
and receive directions. The device initiates the 48-byte data transfers containing packet data over the SBus for 
both transmit and receive operations. The packet does not include AAL5 encapsulation while in host memory. 
This is provided by the SBus SAR. The buffering within the device is limited to that required to match the 
ATM-PHY transfer protocol to the transaction-oriented SBus transfer protocol. The chip contains an 8-cell 
transmit FIFO and a 32-cell receive FIFO. 


Each packet queued for transmission may be distributed across multiple buffers in host memory with each 
Starting at any byte boundary. This is supported in hardware by the device. Each received packet is placed in 
a single buffer in host memory (either small or big) aligned to a 16-byte boundary. 
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bandwidth group (BWG) table mechanism 


The SBus SAR generates data via a special bit-rate control table known as the BWG table. Each BWG consists 
of one or more virtual circuit identifiers (VCls), and each VCI is served via a FIFO discipline on a per-packet 
basis. Each entry in the BWG table consists of an 8-bit BWG index, and BWGs are serviced based on the 
composition of the BWG table. The size of the BWG table is programmable with a maximum of 4800 entries, 
organized as 1200 words, to provide a resolution greater than 32 kbit/s (see Figure 12). 


+——_ Send ldle if 0 


BWG Index (0-255) Given by 8-Bit Entry 


Table Size: 1200 Words 





Figure 12. BWG Table 


"G AAL-type processing 
ad The SBus SAR supports various types of AAL processing. AAL3/A, AALS, null: -AAL, GFC, and OAM processing 
O are described in this section. 
= AAL3/4 processing | 
?) Since 48 bytes are provided across the SBus interface, all AAL3/4 packet data processing is performed by the 
al - host in software. AAL5 processing is disabled on VCls using AAL3/4. The AAL3/4 EOM indicator, which is 
| located in the first byte of the ATM Pao (see Figure 13), is recognized in hardware, initiating an interrupt to 
A the host. 
rm Bit7 Bit 0 
< pf AAs/seompit | Pt 
= Figure 13. AAL3/4 Processing 
AALS processing 


The primary support is for AAL5 with encapsulation in the transmit direction and termination in the receive 
direction. AAL5 packets are converted to cells by the SBus SAR before delivery to the PHY layer. Similarly, the 
device recovers 53-byte ATM cells from the PHY layer before it performs AAL5 termination. 


The SBus SAR adds the pad, the control/length field, and the cyclic redundancy check (CRC) for transmit 
packets. The SBus SAR does not interpret the field length in the AAL5 frame in the receive direction; therefore, 
the entire AAL5 packet is forwarded to host memory allowing the driver to remove the correct payload. This also 
allows the host to examine the control field in software, necessary in a time of evolving standards in this area. 
The device performs CRC checks in the receive direction and indicates EOP processing to the host based on 
the EOP indication in AALS. : 


null-AAL processing 


Null-AAL processing uses the same mechanism as the AAL3/4 in the transmit direction to disable AAL5 
processing. The control entry associated with each BWG (VC)) in the receive direction has an entry to indicate 
an interval defined in units of cells received. The SBus SAR then provides an interrupt to the host when the 
number of cells received on the VCl is equal to that indicated by the table entry. This counter is reset after each 
interrupt (at the end of each interval). This interval is also referred to as a packet, although it does not 
encapsulate a well-defined unit of information. 
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high-order VPI/VCI bits GFC processing 
The lower ten bits of the VCI are used to encode the 1023 possible VCls. VCI 0 is not used since it indicates 
unassigned cells. The upper-order bits of the VCI and the VPI field are programmable on a per-VC basis on 
transmit. The GFC field is always set to zero. 


The upper-order bits of the VCI, the VPI field, and the GFC field are ignored on all cells that are received. These 
cells pass to the SBus SAR if the header error control (HEC) field is correct, the upper-order bits of the header 
are set intentionally, or the cell is misrouted. The probability of misrouting is small and such an event would be 
detected via the CRC check in AAL5. The advantage of this scheme is that any VPI/VCI combination is 
supported if the lower ten bits of the VCI are unique. 


OAM processing 


ATM-layer OAM processing does not require any real-time intervention and is processed in software. OAM cells 
received on the link must be identified by the device. Table 1 summarizes ATM-layer OAM encoding as 
described by various standards bodies. 


Table 1. ATM-Layer OAM Encoding 


VP level: link-associated OAM cell 
VP level: end-to-end OAM cell 


VC level: link-associated OAM cell 
VC level: end-to-end OAM cell 





Each OAM cell forms a fully encapsulated packet. ATM-layer OAM cells transcend AAL protocols and are 
recognized differently. The end system recognizes all four ATM-layer OAM flows. OAM cells received in VCI 3 
and 4 do not interfere with the normal data stream. The only special processing necessary is to initiate EOP 
processing for each cell. The software drivers must configure VCI 3 and 4 as null-AAL channels with a packet 
length equal to one cell in the receive direction. OAM cells are transmitted as null-AAL packets with length equal 
to one cell. VC-level OAM cells are specially interpreted. They are diverted to receive direct-memory access 
(DMA) 

channel 0 and the 4-byte ATM header is passed on to a receive-completion ring in host memory during normal 
EOP processing. 


PRODUCT PREVIEW 


transmit descriptor rings and DMA 


Each transmit BWG is supported by a corresponding DMA channel and its own descriptor ring. The SBus SAR 
supports 255 BWGs, 255 descriptor rings, and 255 DMA channels in the transmit direction. BWG 0 represents 
null, indicating that an idle cell should be transmitted. This limits the number of packets and VCs active 
simultaneously in the transmit direction to 255. 


Each descriptor ring holds up to 256 entries corresponding to 256 buffers that may be queued for transmission 
in the ring. The total number of buffers that can be queued for transmission by the device is 64K. The buffers 
within a descriptor ring (each BWG) are serviced in FIFO order on a per-buffer basis. Each packet consists of 
one or more byte-aligned buffers in host memory. 


Each descriptor-ring entry contains a control bit that indicates whether a buffer is queued for transmission. The 
DMA entry for each BWG contains a pointer to the first item in the queue in the corresponding descriptor ring. 
An idle cell is transmitted if the control bit in the next entry of the descriptor ring indicates an inactive entry. 


A field in each DMA entry allows the BWG to be disabled RY the host. This may be used by the host to respond 
to back- -pressure mechanisms in software. 
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receive free-buffer rings and DMA 


The SBus SAR uses buffer pointers from two free-buffer rings to place incoming packets in the host memory. 
These are called small free-buffer ring and the big free-buffer ring. Each receive BWG has acontrol bit indicating 
the type of buffer it uses: small or big. BWGs are unable to preallocate buffers for the next packet, which prevents 
user processes from managing their own buffer space. 


The SBus SAR supports 1023 receive DMA channels and 1023 VCs. The incoming VCl indexes the receive 
DMA channels directly. BWG 0 is reserved to process special information for OAM cells. The drivers must 
configure VCI 0 as a null-AAL VCI with a packet length equal to one cell. 


completion rings 


The SBus SAR indicates completion of packet processing in either direction to the host via an interrupt and by 
posting entries to receive- and transmit-completion rings. Each completion ring accepts up to 256 entries. A 
control bit in each entry of the completion ring prevents the device from overwriting an entry that has not been 
processed by the host. 


packet-size restrictions 


The SBus SAR supports a maximum packet size of 64K bytes in either direction. The maximum buffer size for 
transmit is also 64K bytes. 


_$Bus interaction and burst-transfer size requirements 


The SBus SAR behaves both as an SBus direct virtual memory access (DVMA) master and as a slave. 
Table 2 classifies the interaction between the device and SBus into seven groups. This also quantifies the 
support required from the DMA controller on the host machine. 


Table 2. SBus Transactions 


eT enencrovroe a | a TE 
Host accesses SAR registers or control memory Slave Word 

Host accesses PHY-layer registers Slave Word 

| Host accesses EPROM . Slave Byte/Word 

SAR transmits control-information transactions and receives free-buffer ring transactions | Master | . Word 


SAR receive completion-ring entries posted to the host Master 4 Word 


SAR cell-payload transfers (default) | Master | 8, 4, and 1 Word 
SAR cell-payload transfers (NCE) Master 4 Word © 





It is efficient to transfer the 48-byte payload via successive transfers of 32 and 16 bytes if the data is on even 
burst boundaries. This is the algorithm followed by the SAR in the default mode for all transfers on receive and 
for all transfers on transmit except those on buffer boundaries. 


The NCE is based on a SPARCstation 1+ platform that does not support 32-byte bursts. A configuration register 
bit on the SBus SAR programmed by the host is set to indicate that the platform is the NCE or any system that 
does not support 32-byte bursts. The device then uses 16-byte bursts exclusively to transfer cell-payload data 
in each direction. 


Since there is at least a 4-cycle overhead associated with each transfer fora DVMA master, the number of cycles 
required to transfer a cell in the default mode in either direction with no overhead for packet processing is at least 
20 SBus cycles. The time to transfer the 48-byte cell payload on the NCE in either direction i is at least 24 SBus 
cycles. 





v5 TEXAS 
INSTRUMENTS 


2-58 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 - 


TNETA1560 
ATM SEGMENTATION AND REASSEMBLY DEVICE 
WITH SBUS HOST INTERFACE 


SDNS010B — JANUARY 1994 - REVISED DECEMBER 1994 
PRINCIPLES OF OPERATION 


SBus interaction and burst-transfer size requirements (continued) 


Burst transfers in.the transmit direction are optimized to yield the fewest SBus cycles based on buffer, packet, 
cell boundaries, and their location in host memory. 


commands, registers, and interrupts 


The SBus SAR has several internal registers for configuration and storage of operational state information. The 
information contained in the registers is described in a later section. 


The SAR generates an interrupt, connected on the adapter to SBus interrupt request terminal, on packet 
completion and on a variety of error conditions. 


PHY data interface 


The ATM-cell-transfer rate is full-duplex 149.76 Mbit/s, but data may arrive in bursts at 155.52 Mbit/s due to the 
framing scheme described by the PHY layer. A clock rate of at least 19.44 MHz is essential in the receive 
direction to prevent cell loss due to buffer overflow in the PHY layer. The SBus SAR decouples the SBus clock 
from the ATM clock in the receive direction via an asynchronous FIFO memory, which holds up to 32 cells. The 
SAR transmits data to the PHY layer at the SBus clock rate. 


PHY-layer control interface 


Figure 11 shows that the local bus is used to connect the SBus EPROM to the register interface on the PHY-layer 
device. 


interfaces 


The terminal layout and the terminal functions table fully describe the terminal assignments and functions of the 
Sbus SAR (TNETA1560). 


SBus interface 


The SBus SAR behaves both as an SBus DVMA master and slave. The SBus SAR is selected as the slave if 
the SBSEL signal is asserted. The system accesses the control-memory block, the local bus, and the user 
registers with SBus slave accesses to the SAR. The transfer size is determined by SBSIZ2 — SBSIZO, which 
must be set to 000 to represent a one-word transfer. The physical address is given by the SBPA signals and 
must fall within the ranges specified in Table 2. The SBus SAR generates an error acknowledgment given by 
SBACK2—SBACKO set to 110 if either of these two conditions is violated. The SBAS signal is used as described 
in the SBus specification, and the SBRD signal indicates a read or write operation. Finally, SBACK2 - SBACKO 
are set to 011 to indicate SBus word acknowledgment for operations on the SAR registers and control memory; 
SBACK2 — SBACKO are set to 101 to indicate SBus byte acknowledgment on local-bus operations. 








The SBus SAR can initiate transactions as master only when no slave transactions are active. The SAR asserts 
the dedicated SBBR signal to request an operation as the SBus master. The SBus controller asserts the SAR 
dedicated SBBG signal making the SAR the master. The SAR sets the SBSIZ2 — SBSIZO signals to indicate 
a 1-word, 16-byte, or 32-byte transfer, the SBRD signal indicates a read or write operation, and the DVMA 
address is placed on the SBD31 — SBDO lines. The TNETA1560 monitors the SBACK2 - SBACKO lines 
anticipating the appropriate acknowledgment value. The SBus SAR considers either an error acknowledgment 
on the SBACK2 — SBACKO lines or a late error on the SBLERR line as a fatal error, disables all data-transfer 
processing, and generates a SBus interrupt via the SBIRQ signal. 
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control-memory interface 


The control memory is set up in a 16K x 32 configuration with the cycle time given by the SBus clock. The 
interface is designed for an asynchronous SRAM with a 32-bit data bus, a 14-bit address bus, a CMR/W signal 
determine read or write, and an output-enable signal (CMOE). | 





PHY-layer interface 


The SBus SAR generates a transmit clock at the SBus frequency and a 19.44-MHz receive clock. The transmit 
clock sent to the PHY layer is an inverted version of the internal clock. This ensures that all setup and hold-time 
restrictions are met. The receive clock sent to the PHY layer is equivalent to the internal clock. 


The SBus SAR generates output data along with a start-of-cell indicator in the transmit direction. This data is 
sent at the rate of the SBus clock. The PHY layer can respond with a full signal, which is asserted at least four 
cycles before any internal buffers are full. The SAR then turns off the transmit-enable signal until the full signal 
is deasserted. The PHY layer sends a start-of-cell indicator with output data. The empty signal acts as an 
inverted enable signal on this interface. 


The PHY-layer interrupt signal is directly connected to the SBus interrupt signal; therefore, the SBus interrupt 
is asserted when the PHY-layer interrupt signal is asserted. 


local-bus interface 


2-60 


Since there could be several devices on the local bus, the SBus SAR accepts a ready signal from devices on 
the bus as a handshake. The bus transaction is assumed to be complete eight SBus cycles (at least 320 ns) 
after the transaction is initiated, regardless of the ready signal. This accommodates slow devices such as 
EPROMs and also can be used to relax timing constraints on the register interface for the PHY-layer devices. 


The local bus is accessed exclusively via SBus transactions with the SAR as the slave with the exception of the 
local-bus interrupt signal. The lower 16 bits of the SBus address bus are directly routed to the local-bus (LBus) 
address bus. The SBus address must remain stable while the local bus is active. This is achieved by not 
returning an acknowledgment signal on SBus until the LBus transaction is complete. 
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architecture 


Figure 14 depicts a data-flow representation of the SBus SAR architecture. 
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Figure 14. SBus SAR Architecture 


transmit modules 


The transmit host and buffer transaction processor (XBTP) is responsible for all host-related functions on the 
transmit side and requests 16- and 32-byte transfers from the SBus-interface block. The cell actuator accesses 
the BWG table and determines the next VC to be serviced. The transmit adaptation layer processor (XALP) 
processes all AAL-related functions and adds the four bytes of the ATM header to each cell. The XALP identifies 
the AAL5 CRC and determines if it should be appended to the packet. The transmit buffer (XMB) is an 8-cell 
buffer that receives 13 words per cell. Idle cells are also placed in this buffer. The transmit PHY interface (XPIN) 
does word-to-byte unpacking and interacts with the PHY layer using the SBus clock. 





wy TEXA 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265 2-61 


PRODUCT PREVIEW 


MalAsdd LONGOdd 


TNETA1560 | 
ATM SEGMENTATION AND REASSEMBLY DEVICE 
WITH SBUS HOSTINTERFACE 


SDNS010B — JANUARY 1994 = REVISED DECEMBER 1994 
PRINCIPLES OF OPERATION 


receive modules 


The receive PHY interface (RPIN) performs byte-to-word packing, filters idle cells, and interacts with the PHY 
layer using the system’s PHY-layer clock crystal. The receive buffer (RCB) performs rate synchronization from 
the PHY-layer clock to the SBus clock and buffers up to 32 cells. The receive ATM processor (RAT) and the 
receive ATM adaptation layer processor (RALP) operate in parallel and are part of the same module. The RALP 
terminates the AAL5 CRC and processes various EOP indicators. The RAT block is responsible for deleting the 
ATM header and accessing the correct receive DMA entry. Finally, the receive host and buffer transaction 
processor (RBTP) performs all host-specific functions on the receive side. 


SBus interface module 


The SBus interface module (SBIN) is responsible for implementing the details of the SBus protocol. The XBTP 
and the RBTP are the only two modules that require SBus transactions involving the SAR as a master; therefore, 
SBIN arbitrates between requests from the two blocks. The SAR is the SBus slave when the host accesses 
control memory, the local bus, or the user registers internal to the SAR. 


control-memory interface and arbitration 


The control-memory interface and arbitration (CMIA) block performs memory arbitration for all the blocks that 
access control memory. Since each access is a 1-word access, no module can hold up the memory for a long 
time. CMIA imposes a strict priority mechanism and services various blocks in the following order: RALP, XALP, 
cell actuator, RBTP, SBTP, SBIN. 


local bus-interface module | 
The local bus-interface (LBIN) module is used to access the EPROM and the registers on the PHY-layer device. 
user register | 


_ The user-register block stores a number of configuration and operational registers. The user registers also 
generate SBus interrupts on packet completion or when an error condition is detected. 


data management 


The SAR architecture uses two memory subsystems: host memory and on-board control memory. The control 
memory provides fast multichannel memory-based DMA channels and a temporary storage area used as virtual 
auxiliary registers. Some transmit and receive data-management components reside in control memory for 
immediate access to critical real-time events isolated from host memory, which is tied to SBus latency. The AAL5 
CRC is also encapsulated in the control memory. The control memory is accessible by the host for initialization 
and monitoring the hardware and network status. Figure 15 shows the organization of the SAR data structures 
across control and host memory. 
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data management (continued) 
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Figure 15. SBus SAR Data Organization 


Several registers stored in the control memory indicate the address of the next entry in the two free-buffer rings 
and the two completion rings. The descriptor rings apply to packet- or buffer-level processing, whereas the DMA 
channels apply to per-cell processing. The transmit DMA state for each BWG indicates the location of each 
transmit-descriptor ring. 


programmer's reference 


This section presents the SBus SAR data structures in detail. The contents of various physical locations are 
summarized in Table 3. A large part of this information is presented in Figure 15 but is duplicated here for 
convenience. 


Table 3. Location of SBus SAR Data Structures 


CONTROL HOST SAR | 
MEMORY MEMORY REGISTERS 


BWG table TX descriptor rings (255) Configuration registers Boot code 





| TX DMA states TX completion ring | Operation registers 48-bit address 
RX DMA states Small free-buffer ring Diagnostics 
Initialization block | Big free-buffer ring SBus ID 
RX completion ring 


Data buffers 


The system has a bus width of four bytes and all transactions are conducted on 4-byte boundaries. The SBus 
SAR uses big-endian addressing by definition as an SBus device. All addresses are in hexadecimal notation 
unless otherwise specified. 
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programmer’s reference (continued) 


Each descriptor ring has 256 entries as shown in Figure 15. Each descriptor-ring entry consists of four words. 
Each descriptor ring is aligned to a 4K-byte boundary in host memory with each entry aligned to a 16-byte 
boundary. The SAR has two receive free-buffer rings, one transmit completion ring, and one receive completion 
ring. The current pointer to each of these rings is stored in the initialization block in SAR control memory. An 
entry in each transmit DMA channel points to one of the 255 transmit-descriptor rings in host memory. 


Each DMA-channel entry consists of eight words and is located in control memory. The DMA entries on both 
transmit and receive have an OWN bit that is set when the DMA channel is active. The descriptor-ring entries, 
the completion-ring entries, and the free-buffer ring entries have an OWN bit that is set when the entry pee 
to the SAR. 


control-memory map and access 


Table 4 shows a control-memory map. The address bus to memory is 14 bits wide. The physical SBus offset 
address on the SAR for control memory is COO000 hex. All SBus accesses to control are 1-word accesses at 
word boundaries. 


Table 4. Control-Memory Map 


CONTROL-MEMORY | SBus PHYSICAL 
MEMORY REGIONS BASE POINTERS (hex) | ADDRESS (hex) 


Initialization block Co00000 


Transmit BWG 0 — 255 — DMA block C00400 
BWG table (1200 words, 4800 entries) C02400 
Receive BWG/VCI 0 — 1023 — DMA block C04000 





initialization block 


The initialization block contains exactly four entries and resides in control memory. Table 5 shows the 
COnMG uration of the initialization block. 


Table 5. Initialization Block 


SBus PHYSICAL | CONTROL-MEMORY | | 
ADDRESS (hex) ADDRESS (hex) BITS 27 -8 BITS 7-0 


C00000 | TX completion-ring offset pointer Index 0 — 255 


C00004 : RX completion-ring offset pointer Index 0 — 255 
C00008 Small free-buffer-ring offset pointer Index 0 — 255 
C0000C Big free-buffer-ring offset pointer Index 0 — 255 





The pointers are mapped to SBus DVMA addresses by appending the lower-order four bits representing the 
offset within each 16-byte descriptor-ring entry. Since accesses are only permitted on a word basis, the 
lower-order two bits are always set to zero. 
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transmit-data descriptor rings 


Each of the 255 transmit-data descriptor rings holds 256 entries and each ring represents one transmit packet 
queued for transmission. A packet is composed of one or more transmit buffers. The host posts entries to the 
rings and the SAR processes each entry within the given ring. Table 6 shows the composition of the four-word 
entry. 


Table 6. Transmit-Data Descriptor-Ring Summary 


ENTRY DESCRIPTION 


Control field, packet length, buffer length 
Start-of-buffer pointer — 32 bits 


4-byte ATM header 
AALS tail — control and length fields 





TX descriptor-ring word 0 — configuration 


Control (bits 31 —27)} Packet length (bits 26 — 16) Buffer length (bits 15 — 0) 


OWN (bit 31) 


The descriptor is owned by the SBus SAR when the OWN bit is set. The descriptor is owned by the host when 
the OWN bit is zero. The OWN bit is set by the host when a buffer/packet is queued for transmission. When 
the next BWG index from the BWG table does not have an active buffer location in the transmit DMA entry, the 
SBus SAR attempts to recover a new-buffer descriptor entry from the transmit-data descriptor ring. This entry 
is loaded into the DMA entry if the OWN bit is set. If the OWN bit for the first descriptor in the transmit-data 
descriptor ring is zero, no data is queued for transmission and an idle cell is transmitted. 


The host places all the buffers for a packet in the descriptor ring before setting the OWN bits on the entries 
representing each buffer in sequence from the last buffer to the first buffer (in reverse order). The SBus SAR 
clears the OWN bit after if finishes transmitting/processing the bytes associated with the buffer pointed to by 
the DMA entry. When the OWN bit is cleared by the host, word 0 is not meaningful and is overwritten by the host. 


start of chain (SOC) (bit 30) 
The SOC bit indicates that this is the first buffer of a packet, which consists of one or more buffers. This bit is 
also set in packets with single buffers. 
end of chain (EOC) (bit 29) 
The EOC bit indicates that this is the last buffer of a packet. Single buffer packets have both the SOC and EOC 
bits set. Packets with multiple buffers have the SOC bit set on the first buffer andthe EOC bit set on the last buffer. 
AAL type — AALS indicator (bit 27) 


The AAL-type bit indicates the packet/buffer described in this descriptor-ring entry is an AALS packet. When 
zero, this bit indicates to the SAR that AAL5 processing should be performed in the transmit direction. This 
includes addition of the pad, the control- and packet-length fields, and the 32-bit CRC. The total size of the AAL5 
packet is a multiple of 48 bytes. 


The SBus SAR does not perform any packet-level encapsulation similar to that used in AALS for either AAL3/4 
or the null AAL. The host provides packets correctly formatted into 48-byte cells to the SAR. 
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packet length (bits 26 — 16) 
_ The packet-length field is expressed in units of cells in the packet. The host computes the correct number of 


cells in the packet including the additional cell sometimes needed for AALS to accommodate the 8-byte tail. This 
field represents the value used by the SBus SAR to determine the number of cells in a packet and enable EOP 
processing. 


The field is programmed in two’s complement. Incrementing the value by one each time a cell is sent results 
in zero when the entire packet is transmitted. The maximum size of a packet is 64K bytes; therefore, 11 bits are 
adequate to describe the largest packet. 


Since this is a packet-level field as opposed to one that applies to individual buffers, it is only placed in the first 
buffer descriptor of a packet in the transmit-data descriptor rings. The DMA channel only updates the 
packet-length field on a per-packet basis. The packet-length field is general in that it is used for all three AAL 
modes supported. In each case, the SAR enables EOP processing to notify the host when the EOP is detected 
on transmit via the packet-length field. 


buffer length (bits 15 — 0) 


The buffer-length field specifies the number of bytes in the buffer represented by this descriptor-ring entry. The 
maximum buffer size is 64K bytes, which is the largest packet size and allows an entire packet in one buffer. 
This field is programmed in two’s complement and is equal to zero when all the bytes in a buffer are retrieved 
by the SAR. 


TX descriptor-ring word 1 — start-of-buffer pointer 


Byte-aligned start-of-buffer pointer (bits 31 — 0) 


The start-of-buffer pointer is 32 bits. Each buffer can be aligned on byte boundaries. 


TX descriptor-ring word 2 —- ATM header 





PTI2 (bits 31 — 29) CLP2 (bit 28) | VPI (bits 27 — 20)} VCI (bits 19-4)] PTI1 (bits 3-1) | CLP1 (bit 0) 


Word 2 contains the 4-byte header for every cell of the packet. The upper-order four bits of the ATM header, 
representing the GFC at the user-to-network interface (UNI), are set to zero in every outgoing cell. Bits (3 — 0) 
in word 2 represent the payload-type indicator (PTI) and cell-loss priority (CLP) fields used in every cell of the 
packet except the last one (the cell that contains the EOP NG ANOM): Bits (81 — 28) in word 2 represent the PTI 
and CLP fields used in the last cell of the packet. 





The PTI field in the last cell of an AALS packet is set either to 001 or 011. The CLP is programmable and the 
cell containing the EOP indication can have a different priority level from the other cells. This field is required 
only in the first descriptor for the packet. In AAL3/4 or null-AAL packets, the PTl and CLP nels! in both the upper- 
and lower-order bits of word 2 are the same. 


TX descriptor-ring word 3 — AAL5 control/length 


2-66 


AAL5 control field (bits 31 — 16) | AAL5 length field (bits 15 — 0) 


The AAL5 control and length fields apply to packets, not to buffers, and this entry is required only in the first 
descriptor for the packet. The AAL5 length field is not used to determine the length of the packet during transmit 
processing. Both fields are placed in the descriptor ring inan AAL5 packet in the proper position (in the four bytes 
preceding the AAL5 32-bit CRC). These fields are not used if the packet is either an AAL3/4 or a null-AAL packet. 
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transmit BWG DMA block 


The control memory contains 255 transmit BWG DMA entries, each containing eight words. Table 7 summarizes 
the contents of each entry. 


Table 7. Transmit BWG DMA Entry 


STATIC/ 
ENTRY DESCRIPTION DYNAMIC 


Control field, packet length, buffer length Dynamic 
Current-buffer pointer — 32 bits Dynamic 
4-byte ATM header Dynamic 
Static bits - BWG ON/OFF (BWG_ON bit) Static 

BWG data-ring pointer, descriptor pointer Dynamic 


BWG cell-counter place holder — not implemented Dynamic 
Partial 32-bit packet CRC Dynamic 
AALS tail — control and length fields Static 





The SBus SAR initiates host transactions affecting the DMA table, except those required for one-time 
configuration of a channel for normal operation based on cell-transmission opportunities from the BWG table. 
Each DMA entry represents a buffer under segmentation. 


During initialization, the host has to configure word 0, word 3, and word 4 in the transmit DMA states table for 
each BWG selected for transmission in the BWG table, including the BWGO. These words allow the TNETA1560 
to start a transmission of a new packet. After configuration, the TNETA1560 reads word 3 to check if the 
BWG_ON bit is set. If it is set, the device reads word 0 to determine if the OWN bit is set. When the OWN bit 
is not set, it indicates that this is the first buffer of a new packet. The TNETA1560 then reads word 4 to obtain 
a transmit descriptor-ring pointer that indicates the memory address in host memory for the transmit 
descriptor-ring pointer. The following sections explain each TX DMA table word in detail. 


TX DMA word 0 - state/configuration 


Control (bits 31 —- 27) ] Current packet length (bits 26 — 16) | Current buffer length (bits 15 — 0) 


The contents of word 0 are copied directly from the corresponding transmit-data descriptor-ring entry at the start 
of each new buffer. This applies to all the fields in this status word, and the host must ensure consistency across 
the fields. 


OWN (bit 31) 
The OWN bit is set when the DMA channel for the BWG is active, and all related state information in the DMA 
entry is current. The OWN bit indicates a packet is currently being segmented and transmitted for this BWG. 


This OWN bit is cleared by the SAR after the entire packet is transmitted, a completion-ring entry is posted, and 
an interrupt generated to the host. 


The host sets the OWN bits for individual buffers in a packet in the transmit-data descriptor rings in order from 
last to first. This ensures that the DMA block is not held up while waiting to acquire the next buffer from a partially 
transmitted packet. 

start of chain (SOC) (bit 30) 
The SOC bit indicates that this is the first buffer of a packet which may consist of one or more buffers. This bit 


is also set in packets with single buffers. The SOC bit is cleared by the SAR after all processing for the first buffer 
is complete. 
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end of chain (EOC) (bit 29) 


The EOC bit indicates that this is the last buffer of a packet. Every packet has at least one buffer with the EOC 
bit set. | | 


AAL type — AAL5 indicator (bit 27) 


The AAL-type bit is set to zero to indicate that the packet described in this descriptor-ring entry is an AALS packet. 
This bit is a configuration item rather than a bit carrying state information. This bit is set in every buffer of a packet, 
and the software driver ensures that all buffers within a packet use the same AAL type. 


current packet length (bits 26 — 16) 


The SBus SAR increments this two’s-complement value with every cell transmitted until the counter is equal 
to zero, which indicates to the SAR that the entire packet has been transmitted. 


current-buffer length (bits 15 — 0) 


The buffer-length field specifies the number of remaining bytes in the buffer currently being processed in this 
BWG. The SAR adds to the value of this two’s-complement field with every transfer of payload data to the XMB 
until it is equal to zero, which indicates to the SAR that all the bytes in this buffer are processed and queued for 
transmission. 


TX DMA word 1 - current-buffer pointer 
Byte-aligned current-buffer pointer (bits 31 — 0) 


The current-buffer pointer is copied directly from the start-of-buffer pointer in the corresponding transmit-data 
descriptor-ring entry at the start of each new buffer. The field is 32 bits, which implies that the buffer is aligned 
to a byte boundary. The pointer is adjusted to point to the current location after each transfer of payload data 
from the host to the XMB. 


TX DMA word 2 - ATM header 


PTI2 (bits 31 — 29)] CLP2 (bit 28) | VPI (bits 27 - 20) | VCI (bits 19 — 4)| PTI (bits 3- 1)] CLP1 (bit 0) 


The 4-byte ATM header field is copied directly from the corresponding transmit-data descriptor entry at the Start 
of each new packet. Bits (28 — 0) are concatenated to the 4-bit GFC field that is set to zero for every cell in the 
packet except the last one. Bits (81 — 28) provide the PTI and CLP fields in the last cell-of each packet. 





TX DMA word 3 - configuration 


BWG_ON (bit 31) | Unused (bits 30 — 0) 


This bit allows the host to enable data transmission on a per-BWG basis. The BWG_ON bit from the current 
BWG index is examined by the SAR on each cell opportunity. BWG_ON (31) is directly set by the host to indicate 
that the BWG is enabled and that normal data processing is followed. If the bit is zero, no processing of transmit 
data on the BWG is performed and an idle cell is transmitted on the link. This idle cell is used by the host to 
‘respond to congestion indicators. 


TX DMA word 4 - descriptor-ring address 


TX-data descriptor-ring pointer (bits 31 ~ 12) | TX descriptor-ring entry (bits 11-4) | 0000 (bits 3 — 0) 


This pointer is a direct DVMA address to the location of the current entry (there are 256 entries in each ring) 
inthe corresponding transmit-data descriptor ring (one of 255 rings) for this BWG. Each descriptor ring is aligned 
to a 4K-byte boundary in host memory with each entry aligned to a 16-byte boundary. 
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TX DMA word 4 - descriptor-ring address (continued) 


The address of the 4K-byte boundary in host memory is provided by bits (31 — 12). The entry number between 
0 and 255 is provided by bits (11 — 4). The low-order four bits are set to zero, and each entry is 16 byte aligned. 
Bits (11 — 0) are initialized by the host to zero to correspond with the first entry used by the host in the 
transmit-data descriptor ring. 


TX DMA word 5 — place holder 


Place holder (bits 31 — 0) 


TX DMA word 6 — transmit CRC 


Partial AAL5 transmit CRC (bits 31 — 0) 


This field stores the 32-bit CRC calculated over the entire payload of each AAL5 packet. The CRC is placed in 
the last four bytes of the last cell of the corresponding packet. 


TX DMA word 7 — AALS tail 
AAL5 control field (bits 31 — 16) | AAL5 length field (bits 15 — 0) 


The AALS control and length fields are copied directly from the corresponding transmit-data descriptor entry at 
the start of each new packet. The length field is not used for any control functions within the SAR. Both fields 
are used exclusively for placement in the tail of an AAL5-protocol data unit (PDU). 


transmit-completion ring 


Table 8 shows the composition of the 4-word entry. The transmit-completion ring is a free ring with 256 entries. 
The SAR posts an item to the next entry in the completion ring when it completes the transmission of each 
packet. The transmit-completion ring pointer maintains the value of the current entry within the SAR. The host 
can recalibrate to this by reading the value from the initialization section in control memory. 


Table 8. Transmit-Completion-Ring Summary 


ENTRY ~ DESCRIPTION 


OWN (bit 31) | Unused (bits 30-8) BWG index (bits 7 — 0) 


Reserved 
Reserved 
Reserved 





TX-completion-ring word 0 
OWN (bit 31) 


This completion-ring entry is owned by the SBus SAR when the OWN bit is set. The completion-ring entry is 
owned by the host when the OWN bit is zero. The SAR uses the next completion-ring entry in the ring if the OWN 
bit is set. The TNETA1560 clears the OWN bit after updating the entry. The host then receives an interrupt and 
retrieves the next entry in the completion ring to post the completion of packet transmission for a BWG and the 
release of the buffer space occupied by the buffers constituting the packet. The host clears the OWN bit to allow 
the SAR to use the completion-ring entry. If the OWN bit is not set when the SAR is ready to post a completed 
packet, a status bit is set in the hardware-status register and an interrupt is generated if the error condition is 
unmasked. 7 
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BWG index (bits 7 — 0) 


The only item that is posted to the transmit-completion ring when the SAR somipletes transmission of a sacks 
is the BWG index. This is adequate for the host to locate the transmit-buffer pointers to the buffer locations where 
data for the packet was stored and reclaim the buffer space. 


receive free-buffer-ring format 


Table 9 shows the composition of each free-buffer-ring entry. Each of the two rings has 256 entries. The host 
places free-buffer pointers in each ring. The SAR removes a pointer when it starts processing each new packet 
from the link. | 


Table 9. Receive Free-Buffer-Ring Summary 


ENTRY DESCRIPTION 


OWN (bit 31) Unused (bits 30 — 28) Start-of-buffer pointer (bits 27 — 0) 
Reserved 











Reserved 
Reserved 


RX free-butffer-ring word 0 
OWN (bit 31) 


Each free-buffer-ring entry is owned by the SAR when the OWN bit is set and it is owned by the host when the 
OWN bit is zero. The host sets the OWN bit for new entries placed in the free-buffer rings. The SBus SAR uses 
the next free-buffer-ring entry in the respective ring if the OWN bit is set. The SBus SAR clears the OWN bit after 
acquiring the buffer and releasing the ring location to the host. The buffer is not freed until a packet is posted 
to the receive-completion ring. If the OWN bit is not set when the SAR polls a free-buffer ring for a new entry, 
a Status bit is setin the hardware-status register and an interrupt is generated if the error condition is unmasked. 


start-of-buffer pointer (bits 27 — 0) _ 


A pointer to a buffer, aligned to a 16-byte boundary, is the only iaiormiation saeea in each free-buffer ring. 


receive DMA block 


The SAR supports 1024 receive BIMASnaAnET entlieey with each containing eight words. Each DMA channel 
represents a VCI on which data is received, and DMA entries in the control memory are indexed by incoming 
VCls. The SAR initiates all transactions affecting the DMA table, except those required for one-time 
configuration of a channel in word 3, during normal operation based on the header of cells received from the 
link. Table 10 summarizes a receive DMA-channel entry. 


Table 10. Receive DMA-Virtual-Channel Entry 


ENTRY DESCRIPTION STATIC/DYNAMIC 


Control, status, EFCN cell count, current packet length Dynamic 
Current buffer pointer — 28 bits 
Start-of-buffer pointer — 28 bits 
Control, packet length | 
















Dynamic 
Static 
Static 








| Reserved ; 
AALS partial CRC - 32 bits _ 
Reserved 









Dynamic 


Reserved 
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receive DMA block (continued) 


Data with the PTI field equal to 10X, representing VC-level OAM cells, is diverted to DMA channel 0 that operates 
in the null-AAL mode with a packet length of one cell. Word 0 in each receive DMA-channel entry is copied from 
word 3 at the start of each new packet. A number of the fields in word 0 represent the dynamic state of the 
reassembly process for a cell. The fields in word 3 represent one-time configuration values for the VC entered 
by the host. SAR accesses word 0 during normal cell-level processing to retrieve configuration items. 


RX DMA word 0 - VC status/configuration 


Control (bits 31 — 23) | Unused (bit 22) | Current congestion number (bits 21-11) | Current packet length (bits 10 — 0) 


OWN (31) 
The OWN bit is set when the DMA channel for this BWG is active and all DMA parameters such as the 
receive-data pointer, buffer length, and packet length are current. The OWN bit is set by the SAR when word 
3 is copied to word 0 at the start of each new packet. The bit is cleared by the SAR when the entire packet has 
been posted to a buffer in host memory. The BWG is inactive when the OWN bit is zero. Then, the free-buffer 
ring indicated in word 3 is used to poll a new buffer on the arrival of the first cell of a new packet on the VCI used 
to index this BWG. 


static-configuration bits from word 3 — 


Table 11 summarizes six static-configuration bits copied from word 3 at the start of each packet. Each is 
described in detail in the section on word 3 of this DMA block. 


Table 11. RX DMA Word 0 Static-Configuration Bit Summary 


LOCATION FIELD 


VC_ON 

Buffer type: small or big 
Null-AAL5 indication 
AAL3/4 indication 


End-of-packet wait 





Enable-end-of-packet wait 


explicit forward congestion notification (EFCN) cell counter (bits 21 — 11) 


The number of cells received with the EFCN indicator set in each packet is counted and the value stored in this 
field. The EFCN indication is given a logic value of 01x in the PTI field of the ATM header. This value is passed 
to the receive-completion ring at the end of each packet. Since this field is copied from word 3 at the start of each 
new packet, it is reset to zero at this time. 


packet length (bits 10 — 0) 


The packet-length field in word 0 is set up with the two’s-complement value for the buffer size used by this BWG 
at the start of each new packet. The counter is incremented with each new cell until the EOP signal or until the 
value is zero. Null-AAL packets are terminated when the value of this counter reaches zero. If either the AAL5 
or AAL3/4 packet fills the buffer to capacity, the counter reaches zero and the packet is terminated with the 
buffer-overflow indicator set in the receive completion-ring entry. 
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RX DMA word 1 — curren t-buffer pointer 


Unused (bits 31 - 28)} Current-buffer pointer — 16 byte aligned (bits 27 — 0) 





The current-buffer pointer is 28 bits, which implies that the buffer is aligned to 16-byte boundaries. This is a 
dynamic field that is updated with every RCB-to-SBus transaction. 


RX DMA word 2 - start-of-buffer pointer | 
Unused (bits 31 — 28) Start-of-buffer pointer — 16 byte aligned (bits 27 - 0) | 


The start-of-buffer pointer is 28 bits because the buffer is aligned to 16-byte boundaries. This field is copied from 
the corresponding 28-bit field in word 0 of a free-buffer-ring entry. 


RX DMA word 3 - configuration 


Configuration (bits 31 — 23) | Unused (bits 22 —- 11) | Null-AAL packet length (bits 10 — 0) 


OWN bit position (bit 31) 


The OWN bit is set high for each valid receive channel. It is copied into the corresponding OWN bit location in 
word 0 at the start of each new packet to indicate that the DMA channel is active. 


VC_ON (bit 30) ) | 
The VC_ON bit enables packet-reassembly processing. The bit is set in the default mode to indicate that the 


VC is enabled. The SAR discards cells received on the corresponding VC when the VC_ON bit is deasserted 
on a per-cell basis. 


buffer type — small or big (bit 29) 
The SAR supports only two buffer sizes on receive: small and big. The host determines the sizes of the small 
and big buffers. The buffer-type bit is used to select between a buffer pointer from the small free-buffer ring or 
the big free-buffer ring for each new packet, which allows the host to target small or big buffers for all packets 
ona given VC. The small free-buffer ring is used when ine bit is set and the big free-buffer ring is used in the 
default (zero) state. 


null-AAL indication (bit 28) 


This field is set to indicate that null-AAL packets are received on this BWG (VC). The null-AAL packet-length 
field in bits (10 — 0) is used to determine the end of a packet. CRC errors.are ignored for null-AAL packets. The 
CRC-error indicator in the receive-completion ring is not used. 


AAL3/4 indication (bit 25) 


This field is set to indicate that AAL3/4 packets are received on this BWG (VC). This indicates the EOM field 
in byte 6 (bit 6 of an ATM cell is used as the EOP indicator). CRC errors are ignored for AAL3/4 packets. The 
CRC-error indicator in the receive-completion ring is not used. 


end-of-packet wait (bit 24) 


This bit must be set to zero by the device driver during initialization. This gives the SAR the responsibility of 
setting the bit to one in DMA word 0 (when this feature is enabled). This bit is a status bit used by the TNETA1560 
during operation. 
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enable end-of-packet wait (bit 23) 
When a start of a packet is detected by the TNETA1560, the TNETA1560 requests a buffer from the host 
memory. If the buffer is not available, the first cell of this packet is dropped. The rest of the packet is dropped 
after it is received. The host can set bit 23 to 1 enabling the TNETA1560 to drop the cells of a packet that had 
the first cell dropped. Once the TNETA1560 detects the end packet, it begins to receive packets in this VCI. This 
feature only works for AAL5 and AAL3/4. For null-AAL and OAM cells, bit 23 must be set to zero. 


EFCN cell counter place holder (bits 21 — 11) 
This field is set to zero since it is a place holder for the EFCN cell counter in word 0 of this DMA block. 
AAL-packet length (bits 10 — 0) 


The AAL-packet-length field in word 3 indicates the length of the buffer in cells for each packet in this BWG. This 
is used in different ways based on whether the BWG supports AAL5 or AAL3/4 packets or null-AAL packets. 
This field indicates the length of the buffer size allocated by entries in the free-buffer ring used by this BWG for 
AALS or AAL3/4 packets. This is used to detect buffer overflow. 


When the null-AAL indicator is set, this field programmed in two’s-complement notation represents the number 
of cells in each null-AAL packet. Since receive DMA channel 0 operates off the null-AAL mode with each packet 
of size equal to one cell, this field is programmed with the value 1 in two’s-complement notation (7FFhex). 


RX DMA word 5 — AALS partial CRC 
Partial AAL5 receive CRC (bits 31 — 0) 


This field stores the 32-bit CRC that is calculated over the entire payload of each received AAL5 packet. The 
CRC is stored in the last four bytes of the last cell in the AAL5 frame. The CRC check results in a unique 
polynomial, if the frame is error free. 


receive-completion ring 


Table 12 shows the composition of a 4-word receive-completion-ring entry. The receive-completion ring is a free 
ring with 256 entries. The SAR posts an item to the next entry in the completion ring when it completes 
reassembly on a packet. The receive-completion-ring pointer maintains the value of the current entry within the 
SAR. The host can recalibrate to this by reading the value from the initialization section in control memory. 


Table 12. Receive-Completion-Ring Summary 


ENTRY DESCRIPTION 


Control field, EFCN cells received, packet length 
Start-of-buffer pointer — 28 bits 


4-byte ATM header 
Reserved 





RX completion-ring word 0 — control 


Control! (bits 31 — 29) | Unused (bits 28 — 22) Congestion cells received (bits 21 — 11) Packet length (bits 10 ~ 0) 
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OWN (bit 31) 


‘This completion-ring entry is owned by the SAR when the OWN bit is set and it is owned by the host when the 
OWN bit is zero. If the OWN bit of the next entry in the respective receive-completion ring is zero when the SAR 
polls it to post the completion-of-packet processing, an error indicator in the status register is set and an interrupt 
generated. This causes the buffer that the SAR attempted to post to be lost. The SAR clears the OWN bit in the 
receive-completion ring after it posts the packet. The host then owns the entry and may retrieve various pointers 
to the packet. 


packet overflow (bit 30) 


The packet-overflow bit is set if the receive buffer overflowed while processing the current packet. Every packet 
that ends in a buffer overflow is immediately terminated and a completion-ring entry is posted to the host. 


CRC condition (bit 29) 
The SAR forwards AAL5 packets with a CRC error to the host. This bit is set when a packet is received with an 
AAL CRC error. 

congestion cells received (bits 21 — 11) 


The number of cells received in the packet with the EFCN indication set is forwarded to the host to implement 
associated feedback mechanisms to eee the source. 


packet length (bits 10 — 0) 


All received data is passed to the host in units of 48 bytes. The packet length in 48-byte payload units from 

word 0 of the receive DMA block is passed to the host in two’s-complement notation. This value is always zero 

for null-AAL packets. The length of AAL5 or AAL3/4 packets in integer units is obtained by subtracting this value 
_ from the reassembly-buffer length reserved for the packet. 


RX completion-ring word 1 — start-of-buffer pointer 


Unused (bits 31 — 28) | Start-of-buffer pointer — 16 byte aligned (bits 27 — 0) 


The 28-bit start-of-buffer pointer is provided to the host in the RX completion ring to enable it to locate the 
reassembled packet. 





RX completion-ring word 2 — ATM header 


ATM header byte 1 ATM header byte 2 | ATM header byte 3 | ATM header byte 4 


The 4-byte header from the last cell in the reassembled packet is passed to the host. 
user registers | 


This section describes several host-accessible internal SAR registers. Host-write accesses to nonexistent 
registers are ignored. A null word (32 zeroes) is returned to the host on aread access from a nonexistent register. 


configuration register 


The configuration register holds various values pertaining to overall SAR configuration. The host may read the 
register and is allowed to program the EN_RX and the EN_TX bits. 


Unused (bits 31 — 5) | NCE_M (bit 4) | 0 (bit 3) | EN_RX (bit 2) | EN_TX (bit 1) | 0 (bit 0) 
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EN_TX — enable transmit operation 


The EN_TX bit allows the host to disable packet-to-cell segmentation and any payload data transfer from the 
host to the link. It is set high to enable normal transmit processing and set to zero to disable such processing. 
It is set to zero on reset, disabling transmit operation until various configuration register, the BWG table, and 
the DMA blocks are configured by the host. The transfer of the new cells from SBus to the SAR is inhibited when 
the enable transmit bit is disabled; however, cells already in the output buffer are forwarded to the PHY layer. 


EN_RX — enable receive operation 
The EN_RX bit allows the host to disable packet reassembly. All cells from the PHY layer are dropped when 
the EN_RX bit is zero. The EN_RxX bit is set high to enable normal processing. It is set to zero on reset, disabling 


receive operation until various configuration and the DMA blocks are reconfigured by the host. The transfer of 
new cells from the ATM link to the receive buffer is inhibited when the enable receive bit is disabled. 


NCE mode indicator 


The NCE bit is set to indicate to the SAR that cell payloads must be transferred exclusively via 16-byte SBus 
bursts. The value at the input of the NCE-mode terminal is shifted into this indicator bit on every clock cycle. 
Internal operation of the SBus SAR is based on the value of this register. 


status register 


The SAR status register is read only for the host. All the bits except the TX_freeze bit and the SBus error flags 
are cleared when the register is read. The SAR generates an SBus interrupt to the host if one of the bits in the 
register is set and if the condition represented by the bit is enabled by the interrupt-enable-mask register. The 
SBus interrupt is an asynchronous signal that is held until the system clears the condition that caused the 


interrupt. 
SB_lerr (bit 9) SB_err_ack (bit 8) 


Unused (bits 31 —.11) LB_intr (bit 10) 
RX_freeze (bit 7) TX_freeze (bit 6) TX_comp_notav (bit 5) | RX_comp_notav (bit 4) 


RX_bfree_notav (bit 3) RX_sfree_notav (bit 2) TX_comp_update (bit 1) RX_comp_update (bit 0) 







TX_comp_update, RX_comp_update (bits 1 — 0) 


The transmit or receive completion update bit is set when the hardware releases a transmit or receive descriptor, 
respectively, to the completion ring. This is initiated when the OWN bits in the respective DMA blocks are cleared 
by the SAR. 


RX_bfree_notav, RX_sfree_notav (bits 3 — 2) 


The appropriate receive free-buffer not-available bit is set when the first entry in the corresponding receive 
free-buffer ring is not available. This is indicated when the OWN bit in the first entry of the free ring is zero. 


The incoming cell is deleted since there is no buffer available in which to place it. This eventually causes the 
loss of the entire packet due to the resultant CRC error. The buffer-allocation-error bit in the DMA block is set, 
indicated by a zero in the first free-buffer-ring entry. 


RX_comp_notav (bit 4) 


The receive completion-ring not-available bit is set when the next descriptor in the receive completion ring has 
not been released by the host. This is indicated when the OWN bit in the entry is zero. This packet and buffer 
are both lost to host memory. 
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TX_comp_notav (bit 5) 
The transmit completion-ring not-available bit is set when the next descriptor in the receive completion ring has 
not been released by the host. This is indicated when the OWN bit in the entry is zero. The transmit-freeze bit 
is set when this bit is set, disabling all transmit operation until the transmit-freeze bit is eleared via an active 
command from the host. 


TX_freeze (bit 6) 


The transmit-freeze bit is set when the TX_comp_notav bit is set, disabling all transmit operation until the 
transmit-freeze bit is cleared via an active command from the host. This has the same effect on the transmit 
circuitry as disabling the enable-transmit bit. 


RX_freeze (bit 7) 


The receive-freeze bit is set when the RX_comp_notav bit is set, disabling all receive operation until the receive 
freeze bit is cleared via an active command by the host. The buffer that could not be posted is effectively lost, 
and the host must find some way to recover it while the freeze is in operation. The receive-freeze indicator has 
the same effect on the receive path as disabling the enable-receive bit. 


SB_err_ack (bit 8) 


The SBus-error-acknowledgment bit is set to indicate that the SAR detected the SBus-error-acknowledgment 
signal; i.e., SBACK2 — SBACKO set to 110 during the SBus DMA cycle. The SAR then terminates the ongoing 
master-bus cycle, even if it is a burst transfer, and freezes all DMA-channel operation until a hardware or 
software reset. This is a fatal error. 

SB_lerr (bit 9) 


The SBus-late-error bit is set to indicate that the SAR detected the SBus-late-error (SBLERR) signal during the 
SBus DMA cycle. The SBus SAR then terminates the ongoing master-bus cycle unless it is a burst transfer, in 
which case, it completes the burst. It then freezes all DMA-channel operation until a hardware or software reset. 
This is a fatal error. 


LB_ intr (bit 10) 
The LBus-interrupt bit is set if an interrupt is generated on the local bus. 


interrupt-enable-mask register 


_| Unused (bits 31 — 11) | Mask (bits 10 — 0) 


The interrupt-enable-mask-register bit has a bit to correspond to every entry in the status register. When a bit 
in the mask register is set, an interrupt is generated if a corresponding bit in the status register is also set. 


BWG-table-configuration register 


Unused (bits 31 — 11) | BWG Table Size (bits 10 — 0) 


The 11-bit BWG-table-size register allows the user to configure the size of the BWG table in 4-byte words. Each 
word in the table consists of four 8-bit entries. The maximum table size is 1200 decimal, allowing for 4800 entries. 
A resolution greater than 32 kb/s is achieved with 4800 entries. The number of entries in the table is one more 
than the number programmed in this register; therefore, there is one entry in the table when the register is set 
to zero. 
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FIFO-maximum-depth registers 


Unused (bits 31 — 20) | Max_RX_FIFO_Depth (bits 19 - 10)| Max_TX_FIFO_Depth (bits 9 — 0) 





This is the only set of statistics collected by the SAR, which is useful information for queuing analysis in different 
platforms with varying SBus clock speeds and latencies. These registers are not of the read-and-reset variety 
and must be explicitly set to zero to restart the measurement. 


SBus physical-address mapping (in SBus-slave mode) 


The SAR allows the host to access various peripheral devices and internal registers via an SBus-slave mode. 
The device connects to the SBus physical-address bits (15-0) and (24-23). 

peripheral devices 
Table 13 specifies the SAR-slave mode SBus physical-address ranges for the SAR peripheral devices. 


Table 13. SBus Physical Addresses for SAR Peripheral Devices 


ADDRESS - 24 BITS ADDRESS 


000000-00FFFF EPROM addresses Read only 
400000-40FFFF Read/write 
C00000-CO3FFF 













PHY-layer register addresses 








Control-memory addresses Read/write 


SBus SAR registers 


The SBus SAR internal registers have an SBus physical-address base value of hex 800000. Table 14 specifies 
the offset from this address for various SAR registers. 


Table 14. SBus Physical Addresses for SAR Registers 


ae a BIT DESCRIPTION READ/WRITE 


Software reset Write only 
Status register Read only 
Interrupt-mask register Read/write 


Configuration register Read/write 


Reserved 

BWG-table-size register Read/write 
TX/RX FIFO-maximum-depth register Read/write 
Reserved 

Clear-transmit-freeze command Write only 

Clear-receive-freeze command Write only 
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Peripheral Component Interconnect (PCI) Explicit Cell-Level interleaving Between 


Device That Provides Asynchronous Groups of VCs 

Transfer-Mode (ATM) Interface ® Packet Interface Is Managed by Efficient 

Single-Chip Segmentation and Descriptor Rings 

Reassembly (SAR) for Full-Duplex ATM @ Physical (PHY)-Layer Interface Is Full 

Adaptation-Layer (AAL) Processing Duplex and Compliant to the ATM Forum 

On-Chip PCI Host Interface Allows Use of UTOPIA Contribution 

Host Memory for Packet SAR © Supports PHY-Layer Data Rates in the 

53-Byte ATM Cells Are Transparent to the Range of 25.6 Mbit/s to 155.52 Mbit/s 

User ® Interfaces Directly to the TNETA1500 

Provides Complete Encapsulation and SONET ATM BiCMOS Receiver/ Transmitter 

Termination of AAL5 and Limited AAL3/4 (SABRE) 

Features a Null AAL That Provides @ Recognizes ATM-Layer Operation and 

Functions for Constant-Bit-Rate Services Maintenance (OAM) Cells 

Supports 1023 Unique Virtual Circuits ® No External Logic Required for Host or 

(VCs) on Receive Side Local Buses to Ensure Simple Design 
description 


The TNETA1561 (PCI SAR) is an asynchronous transfer mode (ATM) segmentation and reassembly (SAR) 
device with a peripheral component interconnect (PCl)-bus interface. This device incorporates ATM 
adaptation-layer (AAL) processing, ATM SAR processing for full-duplex operation up to STS-3c rate of 155.52 
Mbit/s, and the controls for the register interface on the physical (PHY) layer. The TNETA1561 provides a packet 
interface that is managed by descriptor rings, making the 53-byte ATM-framing format transparent to the user. 
The device passes the payload of 48 bytes, constituting the payload of each cell, across the PCI-host interface. 
All packets are segmented and reassembled in host memory and accessed by the chip via the descriptor-ring 
mechanism. The device reduces the memory requirements for network-interface cards (NICs). The 
TNETA1561 requires no local processor on the card, which enables very compact solutions. 


The applications for the TNETA1561 include NICs for client workstations and servers, embedded applications 
like LAN emulation, and multiprotocol systems like video servers. The TNETA1561 provides complete AALS 
encapsulation and termination in hardware. In addition, limited support is provided for AAL 3/4, and a null AAL 
is provided to facilitate real-time data transfer. The TNETA1561 recognizes ATM-layer operation and 
maintenance (OAM) cells. 


In the transmit direction, the TNETA1561 generates data via a special bit-rate control table that provides explicit 
cell-level interleaving between groups of virtual circuits (VCs). This mechanism brings a higher degree of 
flexibility when specifying peak rates for each group (up to 155.52 Mbit/s at a resolution greater than 32 kbit/s). 
The VCs within a group are serviced via a first-in, first-out (FIFO) discipline on a per-packet basis. 


In the receive direction, the TNETA1561 allows multiple virtual paths (VPs) with the condition that each VC is 
unique. The device is primarily intended for AAL5 encapsulation and termination that is supported in hardware. 


The TNETA1561 has four interfaces that include the following: the PCl-bus interface with a 32-bit-wide data 
bus, the cell interface based on the universal test and operations interface for ATM (UTOPIA specification), a 
control-memory interface to access the local SRAM, and the local-bus interface to access the PHY-layer 
registers. The UTOPIA interface to the PHY layer consists of an 8-bit-wide data path and associated control 
signals in both the transmit and receive directions. The fifty-three-byte ATM cells pass between the ATM and 
PHY layers through the UTOPIA interface. 
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NC — No internal connection 


description (continued) 


The native clock for the TNETA1561 is the PCI clock, which operates up to 33 MHz. The native word size for 
the device is 32 bits, corresponding to the data width for the PCI bus. The TNETA1561 is compliant to the 
PCl-local-bus specifications (revision 2.0). The control-memory interface is 32 bits wide. This interface allows 
the device to access the local memory to obtain the control information on the packets being segmented and 
reassembled and to obtain their locations in host memory. Each packet queued for transmission can be 
distributed across multiple buffers in host memory with each starting at any byte boundary. This is supported 
in hardware by the device. Every received package is placed in a single buffer in the host memory and is aligned 
to a 16-byte boundary. The TNETA1561 operation is explained in detail in the Principles of Operation section. 
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Terminal Functions 
PCl-bus interface 


TERMINAL 
V0 DESCRIPTION 
NAME 7 ON 





PCI interrupt. PINTA is an interrupt request from PC! SAR. 








/ 
O. 
a: O 
PINTA 110 open 
drain) 


121~123, 
125-129, 
133-135, 
138-141, 
143, 
156-159, | (3 state) 
161-164, 
167-170, 
171, 
173-175 


( 
( 
( 





PCl address bus and data bus. PAD31—PADO is multiplexed on the same PCI terminals. During 
the first phase of a transaction (address phase), PAD31-—PADO contains a 32-bit physical 
address. This phase is the clock cycle when PFRAME is asserted. 






During the data phase, PAD7—PADO contains the least significant byte and PAD31 —-PAD24 
contains the most significant byte. Write data is stable when PIRDY is asserted. Read data is 
stable when PTRDY is asserted. Data is transferred during those clock cycles when both PIRDY 
and PTRDY are asserted. 





























10 

10 PCl-bus command and byte enable. PCBE3-—PCBEO lines are multiplexed on the same PCI 
terminals. During the address phase of a transaction, PCBE (3-0) lines define the bus 

/0 


| 

131,144, | | 

195, 165 | (3 state) | command. During the data phase, PCBE3-PCBE lines define which bytes are valid. 
| 





PCLK 149 | |__| PCl clock. PCLK provides timing for all transactions on PCI. 
PCI device select. PDEVSEL, when actively driven, indicates that the driving device has decoded 
PDEVSEL 151 3 stat its address as the target of the current access. As an input, PDEVSEL indicates whether any 
Site) device on the bus is selected. 
= 0 PCI frame. PFRAME is driven by the current master to indicate the beginning and duration of an 
PFRAME 145 3 stat access. PFRAME is asserted at the beginning of the bus transaction and remains asserted 
estate) during data transfer. When PFRAME is deasserted, the transaction is in the final data phase. 
PGNT 116 | PCI bus grant. PGNT indicates to the agent that the arbiter has granted access to the bus. PGNT 
is a point-to-point signal and every master has its own. 
PIDSEL 114 od PCI initialization and device select. PIDSEL is used as a chip select during configuration read 


and write transactions. 
/O 
PIRDY 146 (3 state) 
PPAR 154 | im 
master drives the PPAR for address-and write-data phases. The target drives PPAR for the 
read-data phase. 


0 PCI parity error. PPERR reports a data-parity error on all commands except special cycle. An 
PPERR 152 agent cannot report a PPERR until it has claimed the access by PDEVSEL and completed a data 
(3 state) 
phase. 
Spex PCl request. PREQ indicates to the arbiter that this agent desires use of the bus. Every master 
PREQ 11 = 
has its own PREQ. 


PRST 115 ai PCI reset. PRST forces the PCI sequence of each device to a known state. 
/O 


PCI system error. PSERR reports address-parity errors and data-parity errors on special-cycle 
commands. 


sara /O PCI stop. PSTOP indicates the current target is requesting the master to stop the current 
PSTOP 177 ; 
(3 state) | transaction. . 
PCI target ready. PTRDY indicates the target agent’s (selected device) ability to complete the 
/O 
PTRDY 147 
(3 state) 

















PCI initiator ready. PIRDY indicates the initiating agent’s (bus master) ability to complete the 
current data phase of the transaction. During a write, PIRDY indicates valid data on 
PAD31-—PADO. During aread, PIRDY indicates the master is prepared to accept the data. PIRDY 
is used with PTRDY when wait cycles are inserted until both PIRDY and PTRDY are asserted. 


PCI parity. PPAR is even across PAD31—PADO and PCBE3—PCBEO. For data phases, PPAR 
is valid one clock after either PIRDY is asserted on a write or PTRDY is asserted on a read. Once 
asserted, PPAR remains valid until one clock after the completion of the current data phase. The 
























































PSERR 153 














current data phase of the transaction. During a read, PTRDY indicates that valid data is present 
on PAD31—PAD 0. During a write, PTRDY indicates that the target is prepared to accept data. 
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Terminal Functions (Continued) 


PCI SAR and local-bus interface 


TERMINAL 
DESCRIPTION 
NAME 


LBRESET — Local-bus reset. LBRESET is an active-high signal that is driven by the PC! SAR. 


Local-bus PHY-layer chip select. LBPHYCS is used to eats with PHY-layer devices and is 















LBPHYCS | 20 driven by PCI SAR. 


LBEPROMCS | © | Local-bus EPROM chip select. LBEPROMCS is an active-low signal that is driven by PCI SAR. 


Local-bus write. LBRW is an active-low write signal that indicates a write operation and is driven 

by PC! SAR. 
[BRD Te Local-bus read. LBRD is an active-low read signal that indicates a read operation and is driven 
LBINTR Be Local-bus interrupt. LBINTR is an interrupt that is generated and driven By a local-bus device. 


by PCI SAR. 
Local-bus ready. LBREADY is driven by local-slave devices. The bus transaction is completed 
LBREADY 


after eight PCI bus cycles regardless of LBREADY. LBREADY is accepted by the SAR as a 
handshake from the devices on the bus. 

39-35, 

33-29, 


27-24 






























Local-bus data. LBD7—LBDO are used to transfer data from and to local-slave devices and are 
driven by PCI SAR or local-slave devices. 







Local-bus address. LBADDR13—LBADDRO are the lower 14 bits of the PCl address bus and 
are directly routed to the local-bus address lines. LBADDR13-—LBADDRO are driven by 
PCI SAR. 









LBADDR13— 
LBADDRO 


PHY-layer receive interface 







RCLK 84 Receive clock. RCLK is equivalent to the internal clock at 19.44 MHz. RCLK is sent to the PHY 


TERMINAL 
V0 : DESCRIPTION 
NAME NO. : 





layer. 











RDATA7 — 
15-72, 
RDATAO 69-67 


RSOC. Receive start of cell. RSOC is a start-of-cell signal from the PHY layer that indicates the first byte 
of an ATM cell was sent to the TNETA1561. 


Receive data. RDATA7—RDATAO are connected to the PHY-layer receive interface and are 
driven by the PHY-layer device. | 











RXEMPTY Receive buffer empty in the PHY layer. RXEMPTY is a receive buffer-empty signal that acts as 
an inverted enable signal on this interface and is driven by the PHY layer. 


| © | Receive enable. RXENABLE is active low and is driven by the TNETA1561. 









RXENABLE 85 _ 
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Terminal Functions (Continued) 


PHY-layer transmit interface 


TERMINAL 
/O DESCRIPTION 
NAME NO. 
TCLK 9 Transmit clock. The TNETA1561 generates TCLK at the PCI clock frequency and sends it to the 
PHY layer. TCLK is an inverted version of the interial clock. ’ 


















TDATA7— eas Transmit data. TDATA7—TDATAO are sent at the rate of the PC! clock and are driven by the 
TDATAO 37— 86 TNETA1561. 






TSOC He Transmit start of cell. TSOC is sent by the PC! SAR to the PHY layer and indicates that the first 
byte of an ATM cell was transmitted to the PHY layer. 


TXENABLE 102 | © _ | Transmit enable. The SAR turns off TCENABLE when the PHY layer sends the TXFULL signal. 





any internal buffers are full. This makes the TNETA1561 stop the data transmission to the PHY 


18-17, 
CMADDR13-—- 15-11, Control-memory address. CMADDR13-—CMADDRbO is a 14-bit address bus and is driven by the 
CMADDRO 9-5, PCI SAR. 
3-2 
240-239, 
236-233, 
231-227, 
225-221, 
219-215, 
213-209, 
207-203, 


Control-memory data. The control-memory interface has a 32-bit data bus. CMD31—-CMD0 are 
designed for 20-ns asynchronous SRAMs. The TNETA1561 uses this interface to access the 
data structures and pointers in the control memory. 


Control-memory output enable. CMOE is an active-low signal and is driven by the PCI SAR. 


Control-memory read/write. CMR/W determines a read or write operation. If the output is low, it 
is a write operation. If the output is high, it is a read operation. CMR/W is driven by the PCI SAR. 
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PCI SAR and test/control interface 


TERMINAL 
DESCRIPTION 
NAME 


PHYCLK a PHY-layer clock. PHYCLK is a 19.44-MHz clock signal driven by a PHY-layer clock crystal. 


No connection. Leave open. 


SCANEN 185 ae SCAN enable. Connect to ground for normal operation. | 
TESTMODE 181 eel oH Test mode. TESTMODE is driven by the test system. Leave grounded for normal operation. 


power and ground 


TE RMINAL 
DESCRIPTION 
NAME | 


4, 16, 23, 28, 40, 47, 52, 56, 64, 71, 76, 83, 88, 95, 100, 107, 112, 117, 124, 136, 148, 160, 
172, 176, 184, 191, 196, 208, 220, 232, 237 
, 10, 22, 34, 41, 46, 58, 65, 70, 77, 82, 89, 94, 101, 106, 113, 118, 130, 137, 142, 150, 166, 

CC 178, 190, 202, 214, 226, 238 












forount 


Supply voltage 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Voc (See Note 1) 2... eee eee eee eee eee —-0.5Vto6V 
INBUEVOlIAgS Tange ..V iis esas eeen sew cereus toed oe anes Pewee SR ase ease —0.5 V to Voc + 0.5 V 
QOuipulVOlage TANGS, VO: -ecucnavianteos cobras Mae Charme Law ty ee eae elas -0.5 V to Voc + 0.5 V 
Input clamp current, Ijx (Vj <0 or V)>Vec) (see Note 2) 2... eee cee eee ee +20 mA 
Output clamp current, lox (Vo <0 or Vo > Vcc) (See Note 3)... eee eee ee +20 mA 
Operating free-air temperature range, Ta... eee eee tenn eens 0°C to 70°C 
Slorade-lemperalulhe (ange: sotuacaisng tanya tesserae etes eeeaiinee Doteee Sen Poe —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to the GND terminals. 

2. Applies for external input and bidirectional buffers 
3. Applies for external output and bidirectional buffers 


recommended operating conditions 


MIN NOM MAX] UNIT 
Voc _ Supply voltage 4.75 5 5.25 
Vcc =4.75V 3.325 
CMOS oe 
Voc = 5.25 V 3.675 V 


VIH High-level input voltage 


VIL Low-level input voltage 


CMOS 
md S—Y 


TA Operating free-air temperature | 


electrical characteristics over recommended operating conditions, Ta = 25°C (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS | = MIN. = MAX | UNIT 
VOH High-level output voltage meee CC V 
lol =4mA Voc—-0.8 
VOL Low-level output voltage V 
Z 


IO High-impedance-state output current Vi = Vcc or GND 
HE Low-level input current V,| = GND 
NH High-level input current Vi= Voc 
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timing requirements (see Note 4 and Figure 1) a 
tw(RCLKH) Pulse duration, RCLK high 






Y 


‘tWw(RCLKL) Pulse duration, RCLK low : 
tsu(RSOC) Setup time, RSOC high before RCLKT | 


tsu(RDATA) Setup time, RDATA valid before RCLKT 


th(RSOC) Hold time, RSOC high after RCLKT 
th(RXEMPTY) Hold time, RXEMPTY low after RCLKT roe 


NOTE 4: All output signals are generated on the rising edge of RCLK. 





operating characteristics (see Note 4 and Figure 1) 


Ts 
| 8 — | tqRXENABLE) _ Delay time, RCLK T to RXENABLET 1 20] ns | 


NOTE 3: : All output signals are generated on the rising edge of RCLK. 


RCLK | 
(output) . 
| 
RXENABLE | | | 
(output) 


RSOC | 2 
(input) | 
















RDATA7 — 
RDATAO 


(input) 


RXEMPTY | . é 
(input) ” 


Figure 1. Receive-Cell Interface 


OOOO LSND 
KOO 
COOLS 


Lay Lay thes: 
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timing requirements (see Note 5 and Figure 2) 


NO IN AX 


NOTE 5: All output signals are generated on the rising edge of RCLK. All inputs are sampled on the rising edge of TCLK. 












operating characteristics (see Note 5 and Figure 2) 


NO Na nit 

td(TXENABLE) Delay time, TCLKT to TXENABLEV. [+ 0p ns 

ta(TSOC) Delay time, TCLKT to TSOCT ft 20, ns 
( 1 20 


d ’ 
td(TDATA) Delay time, TCLKT to TDATA valid 











1 le—vie—o- 2 
ei es 
TCLK 
(output) 
ltl 5 | 
Post teres | 
TXENABLE | | : 
(output) | 
ipl — 
TSOC 
(output) 
TDATA7 — 
TDATAO 
(output) 
: + le 3 
TXFULL 
(input) 


Figure 2. Transmit-Cell Interface 
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timing requirements (See Figure 3) 


NOS NM ax UNIT] 
feat uN Sep tine POW Beer O ee 
Faia IRON = Sem tine IRON ee 
Le | i 
=a 

Ene. 











th(PTRDY) Hold time, PTRDY low after PCLKT 


Hold time, PDEVSEL low after PCLKT 


, PTRDY eed 
tsu(PDEVSEL) Setup time, PDEVSEL low before PCLKT | Pe ed 


operating characteristics (see Figure 3) | | 


C§ fiapreay _doayiie POUTOPREGE 
{d(PAD) Delay time, PCLKT to PAD31—PAD0 valid 20 11 


PCLK FNS NF NF NF NNT NS NE NS 
(input) | | ; . 
PREO T* | | | | | 
(output) 
> ke o | | | 








6 > L | | | | 
PGNT | | | | | 
(input) 
, io le | | | | 
PAD31 — ) (Address  Datai XX Data2 XK Datas XK Datad : 
PADO : : 
(output) 7 t— | | | I 
PFRAME | | | | | 
(output) 
P s—p| e— | | | | 
PCBES— : ) (___ BusCmd_ KX BE No. S-1X_ BE No. S-2 X BE No. S-3 X BE No. S-4 } 
PCBEO | 
(output) | 9—> le— | | a | 
Ha | Turn Around | | | 
outpu ; 
(output) | Cycle ile 2 pw lea 
PTRDY | : | | | ac 
(input) | | —pl iq— 3 —pl 5 
gee | 
PDEVSEL a aa a ana aera aoa 
(input) | k¢— Address Phase -P—__—_ Data Phase --——__ 


Figure 3. TNETA1561 Write Operation (PCi SAR as Master) 
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timing requirements (see Figure 4) 





| NO. | MIN, NOM MAX | 
tw(PCLKL) Pulse duration, PCLK low 
3 [isupanm) __Seuptine, PGNTiwbebve PORT SSCdCOCid 
+ [isueaoy ___Souptne, PaDsT—PaDovattbee PORTE i 














tw(PCLKH) Pulse duration, PCLK high 


th(PAD) Hold time, PAD31 — PADO valid after PCLKT ae ce 
[8 inernoy, __Fedtine, PIROVewaterrout 





operating characteristics (see Figure 4) 


td(PFRAME) Delay time, PCLKT to PFRAMEL 2 | 


td(PAD) Delay time, PCLKT to PAD31—PADO valid 2 a ane 4 
td(PCBE) Delay time, PCLKT to PCBE3-PCBEO valid 2 11 












ole 1 | 
rok of Ro Nf NSN NY NIN NI NI NS 
(input) | 
ies ee | | } 
PREQ | l ! 
(output) 
mee > i 3 | | ayeles | 
PGNT 
(input) —p 11 ice ! 
a Comat XC Dasa X Daas X Daas) 
PADO 7 za 1 
(1/0) | | 
PFRAME | | 
(output) 42 _»J va l | ! 
pote (“Bus tmd Xo BE No. S11 XGE NG SOX BENG SSX BENG S4) 
(output) |; 13 ple | | 


PTRDY | Turn Around Cycle 


(input) pl le-6 o> 
PDEVSEL | | | 
(input) }¢—— Address Phase > Data Phase ———_> 


Figure 4. TNETA1561 Read Operation (PCI SAR as Master) 
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timing requirements (see Figure 5) | | 














tsu(PIDSEL) Setup time, PIDSEL high before PCLKT 


| NO. | 

a oe ime, 
tsu(PCBE) Setup time, PCBE3-PCBEO valid before PCLKT 
tsu(PIRDY) Setup time, PIRDY low before PCLKT 
(8 finprosety _ Woldine POSELvldaferpauKT—SC*dC 
Lee! 


th(PAD) Hold time, PAD31—PADO valid after PCLKT 
( 


th(PCBE) Hold time, PCBE3—PCBEO valid after PCLKT aie ccs 
‘th(PIRDY) Hold time, PIRDY low after PCLKT 2 ae Ts 
th(PDEVSEL) Hold time, PDEVSEL low after PCLKT ie itt) 


operating characteristics (see Figure 5) 





MIN TYP MAX] UNIT 


td(PAD) Delay time, PCLKT to PAD31—PADO valid | ae eS 
[72 Pserrane) Delete POLKT © PPRAREL | 


(input) io 








| eee | | | | 
PIDSEL | a | | | | 
(input) | . 
| A al | 11 | | 
PAD31- | pn a RE | isa | 
PADO KK aacress {bata 
ae a 
| 
(output) | | | | 
pence ! | | | 
palaces . ) (__BusCmd Xs r—“‘CCBECCOC‘(#RNNNRNNNL 
PCBEO 
(input) | : | e— 4 9 >| + 
PIRDY l 
(input) | | | 
PTRDY | | \ x 
(output) | | | | | 
[| | 4-5 ; 10 se i 


PDEVSEL : : | | 4 | if 
(input) | 
Address | | | 
\¢—_ Phase —> Data Phase Ee 


Figure 5. TNETA1561 Read Operation (PCI SAR as Slave) 
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timing requirements (see Figure 6) 


tsu(PIDSEL) Setup time, PIDSEL high before PCLKT 
tsu(PAD) Setup time, PAD31—PADO valid before PCLKT ae es 
tsu(PFRAME) Setup time, PFRAME low before PCLKT 


tsu(PIRDY) Setup time, PIRDY low before PCLKT 
tsu(PDEVSEL) Setup time, PDEVSEL low before PCLKT 


th(PIDSEL) Hold time, PIDSEL high after PCLKT 


7 thi(PIRDY Hold time, PIRDY low after PCLKT 


operating characteristics (see Figure 6) 





NO NTP MAX UNIT | 
| 8 — | ty(PTRDY) Delay time, PCLKT to PTRDYL 2 11] ons | 
-1 > 
PCLK 
(input) NN NS NS NN NY NNN 
PIDSEL i ec 6 | | | 
(input) | | | | | | 
| t- 2 | | | | 
PAD31— ; 
PADO 
(VO) | | l | | 
BERANE = | | 
PFRAME l | ) 
(input) | | | ! 
| | 
pstctans (Bus Cmd{ BE 
PCBEO | | 0 : 
(input) | ) tam | Tm le 
(input) 
| : | > es 
PTRDY ee 
(output) | | a | 
5+ 


PDEVSEL SS ae nF 


(input) | | 


\¢——————-Pi—_ Address Phase 
Figure 6. TNETA1561 Write Operation (PCI SAR as Slave) 
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operating characteristics (see Figure 7) a 
TINA UNIT 
td(LBPHYCS)1 _ Delay time, LBRDJ LBPHYCSL 


ee 
fausprvos)2 Deka ne, [BADDRTS—LBADDADaNvWIBPVEST Cid 
E 







me 
td(LBD)V Delay time, LBPHYCS1 to LBD7 — LBDO valid 


td(LBD)I Delay time, LBPHYCST to LBD7 — LBDO invalid a aa 


td(LBREADY)2 Delay time, LBPHYCST to LBREADYT 


td(LBADDR) Delay time, LBPHYCST to LBADDR13 — LBADDRO invalid 





LBRW 
(output) 


LBRD 
(output) 


LBADDR13— 
LBADDRO 
(output) 


LBD7-— ° 
LBDO 
(input) 


LBREADY 
(input) 


LBPHYCS 
(output) 





Figure 7. Local-Bus-Interface Read Operation (TNETA1561 as Slave) 
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operating characteristics (see Figure 8) 


Sd 

td(LBPHYCS) Delay time, LBRWJ to LBPHYCSL a aa Se 

td(LBPHYCS)2 _ Delay time, LBADDR13 — LBADDRO valid to LBPHYCS 
7 











| NO. | 
7 a 
[3 Peausehvosye layne, B07—LBO0imamoTBPRNCST di 
— 


ns 
td(LBPHYCS)4 Delay time, LBADDR13 - LBADDRO invalid to LBPHYCST a aa 






LBRD 
(output) 


LBRW 
(output) 


LBADDR13-— 
LBADDRO 
(output) 





LBD7-— | 
LBDO 
(input) | 


LBPHYCS 
(output) 


Figure 8. Local-Bus-Interface Write Operation (TNETA1561 as Slave) 
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operating characteristics (see Figure 9) 


coun Delay time, CMADDR13 — CMADDRO valid to CMR/WL 


td(CMR/W)2_—COelay time, CMD31 — CMDO valid to CMR/WT 





CMOE 
(output) 


CMADDR13- . —— 
LESSEE SSSR 

CMADDRO @ RRR RK 
(output) — eas 


CMR/W 
z (output) 





ae “eneNererer —— CEE inaia SO SON 
(output) ° & —- : 7 , RRR S50 


Figure 9. Control-Memory-interface Write Operation 
timing requirements (see Figure 10) 
Ee tsu(CMD) » Setup time, CMD31—CMDO valid before CMOET 


te th(CMD) Hold time, CMD31—CMDO valid after CMOET 


t These numbers are for a 20-ns. asynchronous SRAM control memory. 





operating characteristics (see Figure 10) 


NO aT NT 


td(CMOE) Delay time, CMADDR13-CMADDRO valid to CMOEN Met eee ll 


CMRIW | 
(output) 


CMADDR13— 0056) “~O°ere” 
SS Ye 
CMADDRO SOS ORRRK : ? | 
30505 SS 
(output) 


CMOE 
(output) 


CMD31-— 
CMDO 
(input) 





Figure 10. Control-Memory-Interface Read Operation 
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PRINCIPLES OF OPERATION 
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functional overview (see Figure 11) 


The TNETA1561 (PCI SAR) is fully compatible with the PCl-bus requirements for connecting a peripheral device 
to a PCl-bus host system (mapped in memory space) and is designed for the PCI plug-in card concept. The 
central-resource functions, such as PCl-bus arbitration, are implemented by the host processor using the PCI 
SAR adapter. 


The PCI SAR provides the PCl-configuration space to support its configuration and initialization. This 
configuration space specifies data for initialization software and error-handling software. The PCI SAR supports 
the mechanism to implement an external-EPROM interface for device-specific initialization and other booting 
mechanisms. 


The PCI bus uses bursts as the basic mechanism to transfer data. The TNETA1561 supports data-burst sizes 
up to 52 bytes for a PCl-bus access requiring a total of 13 data-phase transfers. The typical latency for PCl-bus Lu 


access is 2 us, but this PCI SAR provides adequate data buffering for a worst-case latency of up to 30 us. S 

+ | Lu 

: 

_ 

ae 8 Local Bus © 

—_ 

S 

Host cc 

CPU 

Memory QO. 

32 TNETA1561 Physical 


Master 


(PCI SAR) 


Layer Media 


Arbiter 


RX UTOPIA 
Bus 


Bridge 





32 Control-Bus 
Memory 


Control 
Memory 
i ad 


Figure 11. TNETA1561 Architecture 
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PRINCIPLES OF OPERATION 


functional overview (see Figure 11) (continued) 


The TNETA1561 provides a packet interface that is managed by descriptor rings to make the 53-byte ATM 
framing format transparent to the user. The PCI SAR passes the 48-byte payload of each cell across the PCI 
bus. All packets are stored in host memory and accessed by PCI SAR by the descriptor-ring mechanism. 


The PCI SAR generates data in the transmit direction via a special bit-rate control table that provides explicit 
cell-level interleaving between groups of virtual circuits (VCs). This mechanism provides a high degree of 
flexibility in specifying peak rates for each group of up to 155 Mbit/s at a resolution greater than 32 kbit/s. VCs 
within a group are serviced via a FIFO discipline on a per-packet basis. 


The PCI SAR supports 1023 unique VCs, typically all associated with virtual path identifier (VPI) 0. VPI 0 allows 
multiple virtual paths (VPs) with the reminder that each VC is unique. Limited support is provided to recognize 
ATM-layer OAM cells. The PCI SAR is primarily intended for ATM AAL5 encapsulation and termination that is 
fully supported in hardware. Limited support is provided for AAL3/4 with 48-byte transfers across the PCl-bus 
interface and hardware recognition of the EOM indicator on the receive side. In addition, a null AAL is supported 
to facilitate real-time data transfer. The interface to the PHY layer consists of an 8-bit-wide data path and 
associated control signals in both the transmit and receive directions. The 53-byte cells pass between the ATM 


and PHY layers. The native clock for PCI SAR is the PCl-bus clock frequency of 33 MHz. The 8-bit-wide data 


path on the receive ATM-PHY interface requires a clock rate of at least 19.44 MHz when interacting with a 
155.52-Mbit/s physical layer. The receive interface uses the PHY-layer clock. The native word size for PCISAR © 
is 32 bits, corresponding to the data-bus width for the PCI bus. 


functional description 


The PCI SAR implements the functions of the transmit and receive modules. The implementation of these 
modules is described in terms of their functional blocks. The PCI SAR has the following basic blocks: PCIMAC, 
PMIF, LBIN, USR REG, transmit block (XBTP, CA, XALP, XMB FIFO, XPIN), and receive block (RBTP, RALP, 
RMB FIFO, RPIN) (see Figure 12). 


transmit modules 


The transmit host-and-buffer transaction processor (XBTP) is responsible for all host-related functions on the 
transmit side. It requests 48-byte transfers from the PCI bus-interface block, PCIMAC. The cell actuator (CA) 
accesses the BWG table and determines the next VC to be serviced. The transmit adaptation-layer processor 
(XALP) processes all AAL-related functions and adds the 4 bytes of the ATM header to each cell. The AAL5 
cyclic redundancy check (CRC) is generated by the XBTP module and it is appended to the packet. The transmit 
buffer (XMB), a FIFO, is an 8-cell buffer that receives 13 words per cell. Idle cells are also placed in this buffer. 
The transmit PHY interface (XPIN) does word-to-byte unpacking and interacts with the PHY layer using the 
PCl-bus clock. 


receive modules | 


The receive PHY interface (RPIN) performs ietowed packing, filters idle cells, and interacts with the PHY 
layer using the system PHY-layer clock crystal. The receive buffer (RMB) performs rate synchronization from 
the PHY-layer clock to the PCl-bus clock and buffers up to 32 cells. The receive ATM processor (RAT) and the 
receive ATM adaptation-layer processor (RALP) operate in parallel and are part of the same module. The RALP 
terminates the AAL5 CRC and processes various EOP indicators. The RAT function is responsible for deleting 
the ATM header and accessing the correct receive direct-memory access (DMA) entry. Finally, the receive 
host-and-buffer transaction processor (RBTP) performs all host-specific functions on the receive side. 
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PCIMAC 


The PCIMAC block is an interface unit between a PCl-based host system and PMIF block of PCI SAR. It masters 
the PCI bus in its master mode and allows the host to access the PCI SAR in its slave-mode operation. This 
block provides the PCl-bus host interface with all the interface signals for master and slave operations. This 
block implements a 32-bit data buffer to provide a data path to and from the host. This data buffer has an interface 
with the XMB FIFO for transmit data and with RMB FIFO for receive data. This module also has a 
PCl-configuration space implemented as 32-bit registers. 


The PMIF has another interface with PMIF (internal to PCI SAR) that provides all the necessary control signals 
enabling PCI SAR to operate in master mode. The operation in slave mode is controlled by the host system. 


PMIF 


The PMIF block provides interfaces to LBIN, CMIA, XBTP, RBTP, and USR REG blocks. The LBIN function 
provides access to the PHY layer and EPROM. The CMIA interface provides a data path to access control- 
memory data. The XBTP and RBTP interfaces provide appropriate signals that make the PCI SAR device a 
PCl-bus master for the transmit or receive function. | 


The USR REG interface provides status and control data for PCI SAR functions. This block also has a SAR 
configuration register that is written by the host to enable transmit or receive operation. This block is only a carrier 
of data and control signals in either its master- or slave-mode operation. It does not initiate any operation except 
generating PCl-bus requests. 


CMIA 


The CMIA block provides an interface to the control memory using the local memory bus. It performs memory 
arbitration for all the functions that access control memory. Each access is a one (32-bit) word access. The 
priority mechanism to service various functions is in the following order: RALP, XALP, CA, RBTP, XBTP, and 
PMIF. 


PHY layer 


The PHY-layer interface is serviced by the XPIN and RPIN modules for either reading data from the XMB FIFO 
in the transmit direction or writing data to RMB FIFO in the receive direction. Figure 12 depicts the data-flow 
representation of the PCI SAR functional block diagram. 
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_ Figure 12. PCI SAR Functional Block Diagram 
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interfaces 


The PCI SAR (TNETA1561) has the interfaces shown in Figure 13. The PCl-bus interface communicates with 
any other host on the PCI bus. The local-bus interface allows PC] SAR to have access to PHY-layer device 
registers and to an external EPROM. The control-memory interface allows the host and other internal functions 
of the PCI SAR to access the control memory. The PHY-layer interface allows the PCI SAR to transmit packets 
to a PHY-layer device or receive cells from it. 


Control and Test Terminals | 


— 


PHYCLK TESTMODE SCANEN 
PAD31—PADO LBRESET 


PCBE3—PCBE0 LBPHYCS 
PPAR LBEPROMCS 


Local-Bus 
Interface 


LBREADY 
PCI-Bus DEVSEL LBD7-LBDO 
Interface 
LBADDR13-LBADDRO 
RCLK 
RDATA7—RDATAO 
RSOC 
RXENABLE 
RXEMPTY 
PHY-Layer 
TCLK Interface 
TDATA7-TDATAO 
TSOC 


TXENABLE fF 


CMD3i- CMADDRi3- ‘XFULL 
CMDO CMADDRO 





Control-Memory Interface 


Figure 13. PCI SAR Interface to Other Hosts on the PCI Bus 
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PCl-bus interface 
The PCl-bus interface is provided by the PCIMAC block of the PCI SAR device. The system terminals are for 


the PCl-clock and reset function. The address and data terminals are for a 32-bit interface with the least — 


significant byte [LSB] being the bits (7 — 0) and the most significant byte [MSB] being the bits (31 — 24). The bus 
command and byte enable are used to indicate the valid byte of the data. The device fully supports all bus 
commands (per PCI Local-Bus Specification. Rev 2.0 April 30, 1993) except for the interrupt acknowledge, 

-special-cycle command, and I/O commands. In the slave mode, the memory-read multiple and the 
memory-read lines are treated as the memory-read command. The memory write and invalidate commands are 
treated as the memory-write command. In the master mode, it does not support memory-read multiple and 
memory-read line commands. The device also provides all the interface control terminals; PFRAME PIRDY, 
PTRDY, PSTOP, PIDSEL, and PDEVSEL. The PLOCK feature is not supported. For bus-master operation, the 
PREQ and PGNT terminals are provided. The error reporting terminal PPERR is for reporting parity errors 
(except on a special cycle) and PSSER is for reporting address-and-data parity errors or any other catastrophic 
system error. The PCIMAC also generates PSERR when it is self selected as the target. 























The PCI SAR keeps track of the number of times it has retried a PCl-master transaction. This feature is externally 
programmable up to a maximum of 15 retries. Once the number of retries exceeds this count value, the 
TNETA1561 asserts PSERR low. The interrupt PINTA is defined for the PCI SAR. The PC! SAR does not support 
any JTAG or boundary-scan function. The PCI SAR implements the following functions: the PCl-memory bus 
master for DMA transfers responds as a PCI slave for local-memory accesses and supports disconnection with 
retry for PCI. As a PCl-bus master, it supports burst and nonburst data accesses; however, in slave mode it 
supports only nonburst data transfers. The PC SAR is designed to meet the worst-case latency of the PC! BUS 
up to 30 us. A minimum bus-grant value ensures the PCl-bus access for a minimum duration that is long enough ° 
to transfer a cell (48 bytes). The PCI macro terminates a transaction when the TNETA1561 is acting as a bus 
master and no device-select return is detected after it has initiated a transaction. 








local-bus interface 


The local-bus interface is between the PMIF and LBIN modules. The local bus allows access to the EPROM 

and the registers on the PHY-layer device. Since several devices are allowed on the local bus, the PCI SAR 
accepts a ready signal from devices on the bus as a handshake. This accommodates slow devices such as 
EPROMs and is used to relax timing constraints on the register interface for PHY-layer devices. The local bus 
is only accessed via PCl-bus transactions with the PCI SAR as the slave (with the exception of the local-bus 
interrupt signal). The lower 14 bits of the PCl-bus address lines are used to address the local bus. The PCl-bus 
address must remain stable while the local bus is active. 


~ control-memory interface 


The control-memory interface is between the control-memory interface and arbitration (CMIA) and all other 
modules that access the control memory. The control memory is set up in a 16K x 32 configuration with the cycle 
time given by the PCl-bus clock. The control-memory interface is designed for an asynchronous SRAM with a 
32-bit data bus, a 14-bit address bus, a read or write signal, and an output-enable signal (CMOE). 


PHY-layer interface 


The ATM-cell-transfer rate is full-duplex 149.76 Mbit/s, but data may arrive in bursts at 155.52 Mbit/s due to the 

‘framing scheme described by the PHY layer. A clock rate of at least 19.44 MHz is essential in the receive 
direction to prevent cell loss due to buffer overflow in the PHY layer. The PCI SAR decouples the PCl-bus clock 
from the PHY-layer clock in the receive direction via an asynchronous FIFO, which holds up to 32 cells. The PCI 
SAR transmits data to the PHY layer at the PCl-bus clock rate. 
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PHY-layer interface (continued) 


The PCI SAR sends a transmit clock at the PCI clock frequency and a receive clock at 19.44 MHz to the PHY 
layer. The transmit clock sent to the PHY layer is an inverted version of the internal clock. This ensures that all 
setup- and hold-time restrictions are met. The PCI SAR generates output data along with a start-of-cell indicator 
in the transmit direction. This data is sent at the rate of the PCl-bus clock. The PHY layer can respond with a 
full signal, which is asserted at least four cycles before any internal buffers are full. The PC! SAR then turns off 
the transmit-enable signal! until the full signal is deasserted. The PHY layer sends a start-of-cell indicator with 
output data. The empty signal acts as an inverted enable signal on this interface. 


The PHY-layer interrupt signal is directly connected to the PCl-bus interrupt signal; therefore, PCl-bus interrupt 
is asserted when the PHY-layer interrupt signal is asserted. 


operation 


The memory mapping of the PCI SAR local-memory elements is mapped in the host-memory space. The host 
memory-block location, which is determined by the host, is not predefined. The host writes the starting address 
in the base-address register located in the configuration space. The PCI SAR during read-from or write-to host 
memory uses the little-endian addressing scheme. This requires byte swapping of data into big endian and 
writing into the XMB FIFO during the transmit operation. The received data bytes from the RMB FIFO must also 
be swapped from big endian into little endian. 


PCl-bus and data-transfer requirements 


The PCI SAR behaves as a PCl-bus DMA master and as a slave. The PC! SAR supports a maximum AAL5 
buffer size of 64K bytes, which corresponds to a maximum AAL5 packet length of 64K bytes. In burst mode, 
the data transfer between the PCI SAR and the host is cell based (48 bytes). This transfer is completed ina single 
access of the PCI bus, but this is dependent upon the bus latency of the host system. This transfer is always 
initiated by the PCI SAR as a master. The data transfer across the PCI bus is word based (4 bytes). The 
PCI SAR also supports nonburst transfers as a master and as a slave for host accesses (as defined in the 
PCl-bus transaction). 


PCli-bus interaction and transfer size 


TRANSACTION PCI SAR ROLE TRANSFER SIZE 


Host access — PCI SAR registers, PHY-layer registers and control memory Slave Word 


Host access — PCl-configuration space Slave Byte/Word 
Host access - EPROM Slave Word 


PCI SAR access — Transmit-completion ring, transmit-descriptor ring, 


and receive free-buffer ring transactions Master Word 


PCI SAR access — Posting to host-receive completion-ring entry Master 4 Word 


1—13 Words 


PCI SAR access — Cell-payload transfers Master Latency Dependent 





byte swapping 


The payload-data (48 bytes per cell) processing by the PCI SAR requires byte swapping to meet the PCl-bus 
little-endian format. This swapping is required as the transmit and receive data in the local-buffer FIFO is stored 
in big-endian format. The two formats are described for comparison. 
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little-endian addressing 


If the starting address to retrieve data is 1232h, the ts byte from the word readout is bytes 2 and 3. The 
next word readout is bytes 4, 5, 6, and 7. 


Data Bits : 31-24 23 - 16 15-8 7-0 


Addressing Bits 31 (MSB) ... ee BY ies ee 0 (LSB) 
Byte Addresses [O-1233] {O—1 232]. [O—1231] [O—1230] 


big-endian addressing 


If the starting address to retrieve data is 1232h, the “aquired byte from the word readout is bytes 2 and 3. The 
next word readout is bytes 4, 5, 6, and 7. | 


Data Bits 31-24 © 23-16 i625. > -Fe0 
Addressing Bits O(MSB)... ... os ... 81 (LSB) 
Byte Addresses [O—1230] [O-1 231] [(O—1232] [(O-—1233] 


The data bytes, starting from the least significant byte, are located in the LSB position for the little-endian format 
and in the MSB position for big-endian formats. 


memory-map table 


The following memory-map table defines the offset-address range for the various blocks of the control memory 
as they are mapped into host memory. The host-memory base address of the control-memory block is obtained 
from the base register 0. This is defined in the paragraph for the PCI SAR configuration-space registers. The 
host-memory base address of the EPROM-memory block is obtained from the expansion-ROM base-address 
register. These base addresses are defined in the PCI-SAR configuration- space reaiete section. 


control-memory block — maximum size of 64K bytes 


The first 48K bytes of this block are in the control memory (external to the PCI SAR) and are divided into the 
first 16K bytes for the transmit-side information and the next 32K bytes for the receive-side information. The 
remaining 16K bytes are divided into 8K bytes each for the USR register (within the PC] SAR) and PHY-layer 
register (PHY-layer device external to PC! SAR). 


OFFSET ADDRESS BITS DESCRIPTION | READ/WRITE REGISTER 


00000000h — 000003FFh Initialization block (256 words) RW 
00000400h — 000023FFh Transmit DMA states (2K words) 

00002400h - 00003FFFh BWG table (1.2K words) 
00004000h — OOOOBFFFh (8K words) 
0000C000h - O0OOODFFFh 
0000E000h - OOOOFFFFh 
























Receive DMA states 









PHY-layer register (2K words) 
(2K words) 








USR register 
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indirect local-memory block — maximum size of 8K bytes 
The indirect control-memory block includes the following registers for addressing, data, and status information: 


REGISTER | SIZE DESCRIPTION 


Control-memory address register Contains the address of the control-memory block 








Buffer that provides data read from or written to the 
control-memory block 


Display PCI SAR register information 






Control-memory data register 





Control-memory control register 1 — register 8 


EPROM memory block 
The maximum size for the EPROM is 8K bytes. 


PHY-layer registers access 


The TNETA1561 uses the local-bus interface to access the PHY-layer registers. The host system must use the 
PCI interface to address the register in the PHY layer; therefore, a 32-bit address has to be generated from the 
host and passed to the TNETA1561. To access a byte-wide address offset for the PHY-layer device registers, 
the host software has to increment the PCl-offset address by four bytes because the lower two address bits are 
always ignored. The TNETA1561 converts this address to a byte-wide offset allowing easy access to the 
registers. The data in the PHY-layer registers is byte wide, so the reads and writes carry a byte of information. 
The TNETA1561 copies this byte four times into a 4-byte word and transfers this word to the host. The host then 
extracts one of the four bytes. 


PCI-OFFSET ADDRESS BITS PHY-REGISTER OFFSET ADDRESS 


0000C000h 
0000C004h 


0000C008h 
0000C00Ch 
0000C010h 





control-memory access 


PRODUCT PREVIEW 


The control memory is accessed by using the offset-address bit of the PCl-bus address. This provides a 
14-bit-wide address bus to the control memory. All PCl-bus accesses to control memory are one-word accesses 
at word boundaries. 


control-memory address map 
The data below specifies the memory regions and base pointers of the control-memory address map. 


MEMORY REGIONS CONTROL-MEMORY BASE POINTERS (HEX) 


Initialization block 


Transmit BWG 0 — 255 — DMA block 
BWG table (1200 words, 4800 entries) 
Receive BWG/VCI 0 -—1023 — DMA block 
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PCl-bus physical addresses for PCi SAR peripheral devices 
The data below specifies the PCI SAR slave-mode PCl-bus physical-address ranges for peripheral devices. 


DESCRIPTION _ | ADDRESS BITS | READ/WRITE REGISTER 


EPROM addresses 
| PHY-layer register addresses 


Control-memory addresses 





packet-interface information 


Packet interface, BWG-table mechanism, AALS processing, AAL3/4 processing, null-AAL processing, 
VPI/VCI/GFC processing, OAM processing, and details on the transmit-descriptor rings/DMA, receive 
free-buffer rings/DMA, and completion rings is described in this section. 


The PCI SAR uses host memory to store a packet (48-byte cells) in both transmit and receive directions. The 
PCI SAR initiates the data transfer for the PCI bus for both transmit and receive operations. The packet does 
not include AAL5 encapsulation while in host memory. The PCI SAR provides this header data. The buffering 
of data within the PCI SAR is limited to an 8-cell FIFO for transmit and a 32-cell FIFO for receive. 


Each packet queued for transmission may be distributed across multiple buffers in host memory with each 
starting on a one-byte boundary. Packets that are received over ATM are placed in a single buffer in host memory 
(either big or small) aligned to a 16-byte boundary. — 


bandwidth group (BWG) table mechanism 


The PCI SAR generates data via a special bit-rate control table known as the BWG table. Each BWG consists 
of one or more virtual circuit identifiers (VCls), and each VCI is served via a FIFO discipline on a per-packet 
basis. Each entry in the BWG table consists of an 8-bit BWG index, and BWGs are serviced based on the 
composition of the BWG table. The size of the BWG table is programmable with a maximum of 4800 entries, 
organized as 1200 words, to provide a resolution greater than 32 kbit/s (see Figure 14). 


| ¢— Sendidle ifo 


BWG Index (0 — 255) Given by 
an 8-Bit Entry 


Table Size: 1200 Words 





Figure 14. BWG Table 


AAL-type processing 


The PCI SAR supports various types of AAL processing. AAL3/4, AALS, null-AAL, GFC, and OAM processing 
are described in this section. 
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AAL5 processing 


The primary support is for AAL5 with encapsulation in the transmit direction and termination in the receive 
direction. AAL5 packets are converted to cells by the PCI SAR before delivery to the PHY layer. Similarly, the 
device recovers the 53-byte ATM cells from the PHY layer before it performs AAL5 termination. 


Since 48 bytes are provided across the PCl-bus interface, all AAL3/4 packet data processing is performed by 
the host in software. AAL5 processing is disabled on VCls using AAL3/4. The AAL3/4 EOM indicator, which is 
located in the first byte of the ATM payload (See Figure 15), is recognized in hardware, initiating an interrupt to 
the host. This is used by the host to retrieve successive 48-byte payload segments from the appropriate buffer. 


AAL3/4 processing 


The PCI SAR adds the pad, the control/length field, and the cyclic redundancy check (CRC) for transmit 
packets. The PC! SAR does not interpret the field length in the AAL5 frame in the receive direction; therefore, 
the entire AAL5 packet is forwarded to host memory allowing the driver to remove the correct payload. This also 
allows the host to examine the control field in software, necessary in a time of evolving standards in this area. 
The PCI SAR performs CRC checks in the receive direction and indicates EOP processing to the host based 
on the EOP indication in AAL5. » 


Bit 7 Bit 0 
| Aatsscomet | | PT 


Figure 15. AAL3/4 Processing 


null-AAL processing 


Null-AAL processing uses the same mechanism as AAL3/4 in the transmit direction to disable AAL5 processing. 
The control entry associated with each BWG (VCl) in the receive direction has an entry to indicate an interval 
defined in units of cells received. The PCI SAR then provides an interrupt to the host when the number of cells 
received on the VCI is equal to that indicated by the table entry. This counter is reset after each interrupt (at the 
end of each interval). This interval is also referred to as a packet, although it does not encapsulate a well-defined 
unit of information. 


high-order VPI/VCI bits and GFC processing 


The lower ten bits of the VCI are used to encode the 1023 possible VCls. VCI 0 is not used since it indicates 
unassigned cells. The upper-order bits of the VCI and the VPI field are programmable on a per-VC basis on 
transmit.The generic flow control (GFC) field is always set to zero. 


The upper-order bits of the VCI, the VPI field, and the GFC field are ignored on all cells that are received. These 
cells are only passed to the PCI SAR if the header error control (HEC) field is correct, the upper-order bits of 
the header are set intentionally, or the cell is misrouted. The probability of misrouting is small and such an event 
would be detected via the CRC check in AAL5. The advantage of this scheme is that any VPI/VCI combination 
is supported if the lower ten bits of the VCI are unique. 


OAM processing 


ATM-layer OAM processing does not require real-time intervention and is processed in software. OAM ceils 
received on the link are identified by the PC] SAR. 
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ATM-layer OAM encoding 


VP level: link-associated OAM cell 


VP level: end-to-end OAM cell 
VC level: link-associated OAM cell 
VC level: end-to-end OAM cell 





Each OAM cell forms a fully encapsulated packet. ATM-layer OAM cells transcend AAL protocols and are 
recognized differently. The end system recognizes all four ATM-layer OAM flows. OAM cells received on VCI 
3 and 4 do not interfere with the normal data stream. The only special processing necessary is to initiate EOP 
processing for each cell. The software driver must configure VCI 3 and 4 as null-AAL channels with a packet 
length equal to one cell in the receive direction. OAM cells are transmitted as null-AAL packets with length equal 
to one cell. VC-level OAM cells are specially interpreted. They are diverted to receive DMA channel 0 and the 
4-byte ATM header is passed on to a receive-completion ring in host memory during normal EOP processing. 


_ transmit descriptor rings and DMA 


Each transmit BWG is supported by a corresponding DMA channel and its own descriptor ring. The PCI SAR 
supports 255 BWGs, 255 descriptor rings, and 255 DMA channels in the transmit direction. This implies that 
the number of packets and VCs that are active simultaneously is limited to 255. BWG 0 represents null and a 
null cell is transmitted. This null cell is generated by the PCI SAR and no data is buffered in the FIFO memory 
for transmission. 


Each descriptor ring holds up to 256 entries corresponding to 256 buffers that may be queued for transmission 
for that ring. The total number of buffers that can be queued for transmission is approximately 64K (256 buffers 
per descriptor ring x 255 descriptor rings). The buffers within a descriptor ring are serviced in FIFO order ona 
per-buffer basis. 


Each descriptor-ring entry contains a control bit that indicates whether a buffer is queued up for transmission. 
The DMA entry for each BWG contains a pointer to the first item in the queue in the corresponding descriptor 
ring. An idle cell is transmitted if the control bit in the descriptor entry indicates an inactive entry. The DMA entry 
has a bit that allows the host to disable any BWG. 


_ receive free-buffer rings and DMA 


The PCI SAR uses buffer. pointers from two free-buffer rings to place the incoming packet data in the host 
memory. These are called small free-buffer ring and big free-buffer ring. Each receive BWG has a control bit 
indicating the type of buffer it uses: small or big. These buffers are preallocated by the host application for the 
next packet and not by the BWG. 


The PCI SAR supports 1023 receive DMA channels and 1023 VCls. The incoming VCl indexes the receive DMA 
channels. BWG 0 is reserved to process information for OAM cells. 


completion rings 


The PCI SAR indicates completion of packet processing in either direction to the host via an interrupt and by 
posting entries to receive- and transmit-completion rings. Each completion ring accepts up to 256 entries. A 
control bit in each entry of the completion ring prevents the PCI SAR from overwriting an entry that has not been 
processed by the host. : 
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data structure 


The PCI SAR data structure and contents of various physical locations are summarized below: 


CONTROL MEMORY HOST MEMORY INTERNAL REGISTERS 


BWG table TX descriptor rings (255) PCI SAR operational registers 
TX DMA states TX completion ring PCI SAR configuration registers 


RX DMA states Small free-buffer ring PCI configuration space 


Initialization block Big free-buffer ring 
RX completion ring 
Data buffers 





The parameters necessary for booting the device are stored in the PCI configuration space. The system 
requiring use of an external EPROM contains the booting sequence. 


The system has a bus width of four bytes and all transactions are conducted on 4-byte boundaries. The PCI 
SAR uses little-endian addressing as a PCl-bus device. Each descriptor ring has 256 entries and each 
descriptor-ring entry consists of four words. Each descriptor ring is aligned to a 4K-byte boundary in host 
memory with each entry aligned to a 16-byte boundary. 


The PCI SAR has two receive free-buffer rings, one transmit-completion ring, and one receive-completion ring. 
The current pointer to each of these rings is stored in the initialization block in the control memory. An entry in 
each transmit DMA channel points to one of the 255 transmit-descriptor rings in host memory. 


Each DMA-channel entry consists of eight words and is located in control memory. The DMA entries on both 
transmit and receive have an OWN bit that is set when the DMA channel is active. The descriptor-ring entries, 
the completion- ring entries, and the free-buffer "ing entries have an OWN bit that is set when the entry belongs 
to the PCI SAR. 


initialization block 


The initialization block contains exactly four entries and resides in control memory. The following data shows 
the configuration of the initialization block. 


initialization block table 
PCI-BUS ADDRESS | CONTROL MEMORY BITS 31-0 
OFFSET (HEX) ADDRESS (HEX) 
TX completion-ring offset pointer 


RX completion-ring offset pointer 
Small free-buffer-ring offset pointer 





Big free-buffer-ring offset pointer 
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initialization block (continued) 


The PCI-bus address offsets for control memory have the lower-order two address bits always set to zero since 
accesses to control memory are permitted only on a word basis. The software driver must setup all of these 
structures on 16-byte boundaries in host memory. In addition, the driver must write the pointers to the data 
structures in the initialization block as follows: 
— Tx completion-ring offset pointer, small free-buffer ring pointer, and big free-buffer ring pointer. 
The driver selects a host memory address and writes it to control memory by shifting it two bits to the right. 
Example: The host address 4EFFOOOO (hex) is written to the control-memory initialization block as 
13BFCO000 (hex). 
— Rx completion-ring offset pointer. 
This pointer is written by shifting the address four bits to the right. 
Example: The host address 4EFFOOOO (hex) is written to the control-memory initialization block as 
O4EFFOOOO (hex). 


transmit-data descriptor rings | 


Each of the 255 transmit-data descriptor rings holds 256 entries and each ring represents one transmit packet 
queued for transmission. A packet is composed of one or more transmit buffers. The host posts entries to the 
rings and the PCI SAR processes each entry within the given ring. 


transmit-data descriptor-ring summary 
The data below shows the composition of the four-word entry. 


ENTRY DESCRIPTION 


Control field, packet length, buffer length 
Start-of-buffer pointer — 32 bits 

| 4-byte ATM header 

AALS tail — contro! and length fields 










TX descriptor-ring word 0 — configuration 


Control (bits 31 - 27) | Current packet length (bits 26 -16) | Current buffer length (bits 15 — 0) 


OWN (bit 31) 


The descriptor is owned by the PCI SAR when the OWN bit is set. The descriptor is owned by the host when 
the OWN bit is zero. The OWN bit is set by the host when a buffer/packet is queued for transmission. When the 
next BWG index from the BWG table does not have an active buffer location in the transmit DMA entry, the 
PCI SAR attempts to recover a new-buffer descriptor entry from the transmit-data descriptor ring. This entry is 
loaded into the DMA entry if the OWN bit is set. If the OWN bit for the first descriptor in the transmit-data 
descriptor ring is zero, no data is queued for transmission and an idle cell is transmitted. 


The host places all the buffers for a packet in the descriptor ring before setting the OWN bits on the entries . 
representing each buffer in sequence from the last buffer to the first buffer (in reverse order). The PCI SAR clears 
the OWN bit after it finishes transmitting/processing the bytes associated with the buffer that is pointed to by 
the DMA entry. When the OWN bit is cleared by the host, word 0 is not meaningful and is overwritten by the host. 


start of chain (SOC) (bit 30) 


The SOC bit indicates that this is the first buffer of a packet, which consists of one or more buffers. This bit is 
also set in peck with single buffers. 
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end of chain (EOC) (bit 29) 


The EOC bit indicates that this is the last buffer of a packet. Single buffer packets have both the SOC and EOC 
bits set. Packets with multiple buffers have the SOC bit set on the first buffer and the EOC bit set on the last buffer. 


interrupt control bit (ICB) (bit 28) 


The ICB bit controls interrupt posting by the PCI SAR to the host. The setting of ICB to active high disables 
posting of interrupts to the host by the PCI SAR. 


AAL-type — AALS5 indicator (bit 27) 


The AAL-type bit indicates that the packet/buffer described in this descriptor-ring entry is an AAL5 packet. When 
zero, this bit indicates to the PCI SAR that AAL5 processing is being performed in the transmit direction. This 
includes addition of the pad, the control- and packet-length fields, and the 32-bit CRC. The total size of the AAL5 
packet is a multiple of 48 bytes. The PCI SAR implements the functions related to packet length and the 
generation of the pad. The PCI SAR does not perform any packet-level encapsulation similar to that used in 
AALS for either AAL3/4 or the null AAL. The host provides packets correctly formatted into 48-byte cells to the 
PCI SAR. 


packet length (bits 26 — 16) 


The packet-length field is expressed in units of cells in the packet. The host computes the correct number of 
cells in the packet including additional cells that are sometimes needed for AAL5 to accommodate the 8-byte 
tail. This field represents the value used by the PCI SAR in silicon to determine the number of cells in a packet 
and enable EOP processing. The field is programmed in two’s complement. Incrementing the value by one each 
time a cell is sent results in zero when the entire packet is transmitted. The maximum size of a packet is 
64K bytes; therefore,11 bits are adequate to describe the largest packet. 


Since this is a packet-level field as opposed to one that applies to individual buffers, it is placed only in the first 
buffer descriptor of a packet in the transmit-data descriptor rings. The DMA channel only updates the 
packet-length field on a per-packet basis. The packet-length field is used for all three AAL modes that are 
supported. In each case, the PCI SAR enables EOP processing to notify the host when the EOP is detected 
on transmit via the packet-length field. 


buffer length (bits 15 — 0) 


The buffer-length field specifies the number of bytes in the buffer represented by this descriptor-ring entry. The 
maximum buffer size is 64K bytes, which is the largest packet size and allows an entire packet in one buffer. 
This field is programmed in two’s complement and is equal to zero when all the bytes in a buffer are retrieved 
by the PCI SAR. 


TX descriptor-ring word 1 — start-of-buffer pointer 


Byte-aligned start-of-buffer pointer (bits 31 — 0) 
The start-of-buffer pointer is 32 bits. Each buffer is aligned on byte boundaries. 


TX descriptor-ring word 2 —- ATM header 


PTI (bits 31-29) | CLP (bit28) | VPI (bits 27-20) | VCl (bits 19-4) | PTI (bits3-1) | CLP (bit 0) 


Word 2 contains the 4-byte header for every cell of the packet. The upper-order four bits of the ATM header, 
representing the GFC at the user-to-network interface (UNI), are set to zero in every outgoing cell. Bits (3 — 0) 
in word 2 represent the payload-type indicator (PT!) and cell-loss priority (CLP) fields used in every cell of the 
packet except the last one (the cell that contains the EOP indication). Bits (31 — 28) in word 2 represent the PTI 
and CLP fields used in the last cell of the packet. 
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TX descriptor-ring word 2 - ATM header (continued) 
_ The PTI field in the last cell of the AAL5 packet is set either to 001 or 011. The CLP is programmable and the 


cell containing the EOP indication can have a different priority level from the other cells. This field is required 
only in the first descriptor for the packet. In AAL3/4 or null-AAL packets, the PT! and CLP fields are the same 
in both the upper- and lower-order bits of word 2. 


TX descriptor-ring word 3 —- AAL5 control/length 


AAL5 control field (bits a= 16) ‘AALS length field (bits 15 — 0). 


The AALS control and length fields apply to packets, not to buffers, and this entry is required only in the first 
descriptor for the packet. The AALS length field is not used to determine the length of the packet during transmit 
processing. Both fields are placed in the descriptor ring in an AAL5 packet in the proper position (in the four bytes 
preceding the AAL5 32-bit CRC). These fields are not used if the packet i is either in AAL3/4 or a null-AAL pacnel 


transmit BWG DMA block 


The control memory on the PCI SAR contains 255 transmit BWG DMA entries, each containing eight words. 
The contents of each entry are summarized in the following table. 


transmit BWG DMA entry table 


TX DMA word 0 - state/configuration 


2-110 


ENTRY DESCRIPTION | STATIC/DYNAMIC 


Control field, packet length, buffer length Dynamic 
Current-buffer pointer — 32 bits Dynamic 
4-byte ATM header Dynamic 
Static bits - BWG ON/OFF (BWG_ON bit) Static 


BWG data-ring pointer, descriptor pointer Dynamic 


Reserved Dynamic 
Partial 32-bit packet CRC Dynamic 
AALS tail — control and length fields Static 





The PCI SAR initiates all transactions affecting the DMA table during normal operation based on 
cell-transmission opportunities from the BWG table. During initialization, the host has. to configure word 0, 
word 3, and word 4 (shown in the transmit BWG DMA entry table) for each BWG selected for transmission in 
the BWG table including the BWGO. These words allow the TNETA1561 to start a transmission of a new packet. 
After configuration, the TNETA1561 reads word 3 to check if the BWG_ON bit is set. If it is set, the device reads 
word 0 to determine if the OWN bit is set. When the OWN bit is not set, it indicates that this is the first buffer of 
a new packet. The TNETA1561 then reads word 4 to obtain a transmit descriptor-ring pointer that indicates the 
memory address in host memory for the transmit descriptor-ring pointer. The following sections explain each 
TX DMA table word in detail. . 





27) | Current packet length (bits 26 -16) Current buffer length (bits 15 — 0) 


The contents of word 0 are copied directly from the corresponding transmit- data descriptor-ring entry at the start 
of each new buffer. This applies to all the fields in this =ialus word, and the host must ensure consistency across 
the fields. | 


Control (bits 31 - 
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OWN (bit 31) 


The OWN bit is set when the DMA channel for the BWG is active, and all related state information in the DMA 
entry is current. The OWN bit indicates a packet is currently being segmented and transmitted for this BWG. 
This OWN bit is cleared by the PCI SAR after the entire packet is transmitted, a completion-ring entry is posted, 
and an interrupt is generated to the host. 


The host sets the OWN bits for individual buffers in a packet in the transmit-data descriptor rings in order from 
last to first. This ensures that the DMA block is not held up while waiting to acquire the next buffer from a partially 
transmitted packet. 

start of chain (SOC) (bit 30) 


The SOC bit indicates that this is the first buffer of a packet which consists of one or more buffers. The SOC 
bit is also set in packets with single buffers. The SOC bit is cleared by the PCI SAR after all processing for the 
first buffer is complete. 

end of chain (EOC) (bit 29) 
The EOC bit indicates that this is the last buffer of a packet. Every packet has at least one buffer with the EOC 
bit set. 

AAL-type — AAL5 indicator (bit 27) 


The AAL-type bit is set to zero to indicate that the packet described in this descriptor-ring entry is an AAL5 
packet. This bit is a configuration item rather than a bit carrying state information. This bit is set in every buffer 
of a packet, and the software driver must ensure that all the buffers in a packet use the same AAL type. 


current-packet length (bits 26-16) 
The PCI SAR increments this two’s-complement value with every cell transmitted until the counter is equal to 
zero, which indicates to the PC! SAR that the entire packet has been transmitted. 

current-buffer length (bits 15-0) 


The buffer-length field specifies the number of remaining bytes in the buffer currently being processed in this 
BWG. The PCI SAR adds to the value of this two’s-complement field with every transfer of payload data to the 
XMB until it is equal to zero, which indicates to the PCI SAR that all the bytes in this buffer are processed and 
queued for transmission. 


TX DMA word 1 — current-buffer pointer 
Byte-aligned current-buffer pointer (bits 31 —0) 
The current-buffer pointer is copied directly from the start-of-buffer pointer in the corresponding transmit-data 
descriptor-ring entry at the start of each new buffer. The field is 32 bits, which implies that the buffer is aligned 


to a byte boundary. The pointer is adjusted to point to the current location after each transfer of payload data 
from the host to the XMB. 


TX DMA word 2 — ATM header 


PTI (bits 31-29) | CLP (bit28) | VPI (bits 27-20) | VCI (bits 19-4) | PTI (bits 3-1) CLP (bit 0) 


The 4-byte ATM header field is copied directly from the corresponding transmit-data descriptor entry at the start 
of each new packet. Bits (28-0) are concatenated to the 4-bit GFC field that is set to zero for every cell in the 
packet except the last one. Bits (31-28) provide the PTI and CLP fields in the last cell of each packet. 








TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-111 


PRODUCT PREVIEW 


MalAaYd LONGOYd 


TNETA1561 | 

ATM SEGMENTATION AND REASSEMBLY DEVICE 
WITH PCI HOST INTERFACE | 

SDNS028A — OCTOBER 1994 —- REVISED DECEMBER 1994 


PRINCIPLES OF OPERATION 
TX DMA word 3 - configuration 


BWG_ON (bit 31) Unused (bits 30-0) 


This bit allows the host to enable data transmission on a per-BWG basis. The BWG_ON bit from the current 
BWG index is examined by the PCI SAR on each cell opportunity. BWG_ON (31) is directly set by the host to 
indicate that the BWG is enabled, and that normal data processing is followed. If the bit is zero, no processing 
of transmit data on the BWG is performed and an idle cell is transmitted on the link. This idle cell is used by the 
host to respond to congestion indicators. 


TX DMA word 4 — descriptor-ring address 


TX-data descriptor-ring pointer (bits 31-12) TX descriptor-ring entry (bits 11-4) 0000 (bits 3-0) 


This pointer is a DMA address to the location of the current entry (there are 256 entries in each ring) in the 
corresponding transmit-data descriptor ring (one of 255 rings) for this BWG. Each descriptor ring is aligned to 
a 4K-byte boundary in host memory with each entry aligned to a 16-byte boundary. 





The address of the 4K-byte boundary in host memory is provided by bits (31-12). The entry number between 
0 and 255 is provided by bits (11-4). The low-order four bits are set to zero, and each entry is 16 byte aligned. 
Bits (11-0) are initialized by the host to zero to correspond with the first entry used by the host in the 
transmit-data descriptor ring. , | 


TX DMA word 5 — reserved 


TX DMA word 6 - transmit CRC 
Partial AAL5 transmit CRC (bits 31-0) 
This field stores the 32-bit CRC calculated over the entire payload of each AAL5 packet. The CRC is placed in 
the last four bytes of the last cell of the corresponding packet. | 
TX DMA word 7 - AAL5 tail : 


AAL5 control field (bits 31 — 16) AAL5 length field (bits 15 — 0) 


The AAL5 control and length fields are copied directly from the corresponding transmit-data descriptor entry at 
the start of each new packet. The length field is not used for any control functions within the PCI SAR. Both fields 
are used exclusively for placement in the-tail of an AAL5-protocol data unit (PDU). 


transmit-completion ring 


This entry contains only one word. The transmit-completion ring is a descriptor ring with 256 entries. The PCI 
SAR posts an item to the next entry in the completion ring when it completes the transmission of each packet. 
The transmit-completion ring pointer maintains the value of the current entry within the PCI SAR. The host can 
recalibrate to this by reading the value from the initialization block in control memory. 


transmit-completion-ring summary 


~ ENTRY | DESCRIPTION 
OWN (bit31) _} Unused (bits 30-8) | BWG index (bits 7-0) | 
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TX-completion-ring word 0 
OWN (bit 31) 


This completion-ring entry is owned by the PCI SAR when the OWN bitis set. The completion-ring entry is owned 
by the host when the OWN bit is zero. The PCI SAR uses the next completion-ring entry in the ring if the OWN 
bit is set. The TNETA1561 clears the OWN bit after updating the entry. The host then receives an interrupt and 
retrieves the next entry in the completion ring to post the completion of packet transmission for a BWG and the 
release of the buffer space occupied by the buffers constituting the packet. The host then sets the OWN bit to 
allow the PCI SAR to use the completion-ring entry when it has queued a packet for transmission. If the OWN 
bit is not set when the PCI SAR is ready to post a completed packet, a status bit is set in the hardware-status 
register and an interrupt is generated if the error condition is unmasked. 


BWG index (bits 7-0) 
The only item that is posted to the transmit-completion ring when the PCI SAR completes transmission of a 


packet is the BWG index. This is adequate for the host to locate the transmit-buffer pointers to the buffer 
locations where data for the packet was stored and reclaim the buffer space. 


receive free-buffer-ring format 


There are two free-buffer rings. A receive free-buffer-ring entry consists of one word. Each of the two rings has 
256 entries. The host places free-buffer pointers in the entries of each ring. The PCI SAR removes a pointer 
when it starts processing each new packet from the link. 


receive free-buffer-ring summary 


ENTRY DESCRIPTION 
OWN (bit 31) | Unused (bit 30) | Start-of-buffer pointer (bits 29-0) 


RX free-buffer-ring word 0 
OWN (bit 31) | 


Each free-buffer-ring entry is owned by the PC] SAR when the OWN bit is set and it is owned by the host when 
the OWN bit is zero. The host sets the OWN bit for new entries placed in the free-buffer rings. The PCI SAR 
uses the next free-buffer-ring entry in the respective ring if the OWN bit is set. The PCI SAR clears the OWN 
bit after acquiring the buffer and releasing the ring location to the host. The buffer is not freed until a packet is 
posted to the receive-completion ring. If the OWN bit is not set when the PCI SAR polls a free-buffer ring for a 
new entry, a status bit is set in the hardware-status register and an interrupt to host is generated if the error 
condition is unmasked. 


start-of-buffer pointer (bits 29—0) 
A pointer to a buffer, aligned to a 4-byte boundary, is the only information placed in each free-buffer ring. 


receive DMA block 


The PCI SAR supports 1024 receive DMA-channel entries with each containing eight words. Each DMA channel 
represents a VCI on which data is received, and DMA entries in the control memory are indexed by incoming 
VCls. The PCI SAR initiates all transactions affecting the DMA table, except those required for one-time 
configuration of a channel in word 3, during normal operation based on the header of cells received from the link. 


Data with the PTI field equal to 10X, representing VC-level OAM cells, is diverted to DMA channel 0 that operates 
in the null-AAL mode with a packet length of one cell. Word 0 in each receive DMA-channel entry is copied from 
word 3 at the start of each new packet. A number of the fields in word 0 represent the dynamic state of the 
reassembly process for a cell. The fields in word 3 represent one-time configuration values for the VC entered 
by the host. PCI SAR accesses word 0 during normal cell-level processing to retrieve configuration items. 
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receive DMA-virtual-channel entry summary 


| 7 STATIC/ 
ENTRY DESCRIPTION | NAMIC 


Control, status, EFCN cell count, current packet length Dynamic 


Current-buffer pointer — 28 bits Dynamic 
Start-of-buffer pointer — 28 bits Static 
Control, packet length Static 
Reserved 

- AALS5 partial CRC — 32 bits Dynamic 
Reserved 
Reserved 





RX DMA word 0 - VC status/configuration 


Control (bits 31-23) | Unused (bit 22) | Current congestion number (bits 21-11) | Current packet length (bits 10-0) 


OWN (bit 31) 


The OWN bit is set when the DMA channel for this BWG is active and all DMA parameters such as the 
receive-data pointer, buffer length, and packet length are current. The OWN bit is set by the PC! SAR when 
word 3 is copied to word 0 at the start of each new packet. The bit is cleared by the PCI SAR when the entire 
packet has been posted to a buffer in host memory. The BWG is inactive when the OWN bit is zero. Then, the 
free-buffer ring indicated in word 3 is used to oe a new buffer on the arrival of the first cell of a new packet on 
the VCI used to index this BWG. 


static-configuration bits from word 3 
The next summary lists five static-configuration bits copied from word 3 at the start of each packet. Each is 
described in detail in the section on RX DMA word 3. 


RX DMA word 0 static-configuration bit summary 


LOCATION FIELD 


OWN 

VCON 

Buffer type: small or big 
Null-AAL indication 
AAL3/4 indication 


End-of-packet wait | 





Enable end-of-packet wait 


explicit forward congestion notification (EFCN) cell counter (bits 21-11) 


The number of cells received with the EFCN indicator set in each packet is counted and the value is stored in 
this field. The EFCN indication is given a logic value of 01x in the PTI field of the ATM header. This value is 
passed to the receive-completion ring at the end of each packet. Since this field is copied from word 3 at the 
start of each new packet, it is reset to zero at this time. 


packet length (bits 10-0) 


The packet-length field in word 0 is set up with the two’s-complement value for the buffer size er by this BWG 
at the start of each new packet. The counter is incremented with each new cell until the EOP signal or the value 
is zero. Null-AAL packets are terminated when the value of this counter reaches zero. If either the AAL5 or 
AAL3/4 packet fills the buffer to capacity, the counter reaches zero and the packet is terminated with the 
buffer-overflow indicator set in the receive-completion-ring entry. 
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RX DMA word 1 — current-buffer pointer | 


Unused (bits 31—28) | Current-buffer pointer — 16 byte aligned (bits 27—0) 


The current-buffer pointer is 28 bits, which implies that the buffer is aligned to 16-byte boundaries. This is a 
dynamic field that is updated with every RCB-to-PCl-bus transaction. 


RX DMA word 2 - start-of-buffer pointer 


Unused (bits 31-30) | Start-of-buffer pointer — 4 byte aligned (bits 29 —0) 


The start-of-buffer pointer is 30 bits because the buffer is aligned to 4-byte boundaries. This field is copied from 
the corresponding 30-bit field in word 0 of a free-buffer-ring entry. 


RX DMA word 3 - configuration 


Configuration (bits 31-23) Unused (bits 22-11) Null-AAL packet length (bits 10—0) 


OWN bit position (bit 31) 
The OWN bit is set high for each valid receive channel. It is copied into the corresponding OWN bit location in 


word 0 at the start of each new packet to indicate that the DMA channel is active. This OWN bit is automatically 
reset to a O after the end-of-packet indicator is received. 


VC_ON (bit 30) 
The VC_ON bit enables packet-reassembly processing. The bit is set in the default mode to indicate that the 


VC is enabled. The PCI SAR discards cells received on the corresponding VC when the VC_ON bit is 
deasserted on a per-cell basis. 


buffer type — small or big (bit 29) 
The PCI SAR supports only two buffer sizes on receive: small and big. The host determines the sizes of the small 
and big buffers. The buffer-type bit is used to select between a buffer pointer from the small free-buffer ring or the 
big free-buffer ring for each new packet, which allows the host to target small or big buffers for all packets ona 


given VC. The small free-buffer ring is used when the bit is set, and the big free-buffer ring is used in the default 
(zero) state. 


null-AAL indication (bit 28) 


This field is set to indicate that null-AAL packets are received on this BWG (VC). The null-AAL packet-length 
field in bits (10-0) is used to determine the end of a packet. CRC errors are ignored for null-AAL packets. The 
CRC-error indicator in the receive-completion ring is not used. 


AAL9/4 indication (bit 25) 


This field is set to indicate that AAL3/4 packets are received on this BWG (VC). This indicates the EOM field 
in byte 6 (bit 6 of an ATM cell is used as the EOP indicator). CRC errors are ignored for AAL3/4 packets. The 
CRC-error indicator in the receive-completion ring is not used. 


end-of-packet wait (bit 24) 


This bit must be set to zero by the device driver during initialization. This gives the SAR the responsibility of 
setting it to one in DMA word 0 (when this feature is enabled). This bit is a status bit used by the TNETA1561 
during operation. 
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e end-of-packet wait (bit 23) 


When a start of a packet is detected by the TNETA1561, the TNETA1561 requests a buffer from the host 
memory. If the buffer is not available, the first cell of this packet is dropped. The rest of the packet is dropped 
after it is received. The host can set bit 23 to 1 to enable the TNETA1561 to drop the cells of a packet that had 
the first cell dropped. Once the TNETA1561 detects the end packet, it begins to receive packets in this VCI. This 
feature only works for AAL5 and ALL3/4. For null-AAL and OAM cells, bit 23 must be set to zero. 


EFCN cell-counter place holder (bits 21—11) 


This field is set to zero since it is a place holder for the EFCN cell counter in word 0 of this DMA block. 


AAL-packet length (bits 10-0) 


The AAL-packet-length field in word 3 indicates the length of the buffer in cells for each packet in this BWG. This 


is used in different ways based on whether the BWG supports AAL5 or AAL3/4 packets or null-AAL packets. 


This field indicates the length of the buffer size allocated by entries in the free-buffer ring used by this BWG for 
AAL5 or AAL3/4 packets. This is used to detect buffer overflow. 


When the null-AAL indicator is set, this field programmed in two’s-complement notation represents the number 
of cells in each null-AL packet. Since receive DMA channel 0 operates off the null-AAL mode with each packet 
size equal to one cell, this field is programmed with the value one in two’s-complement notation (7FFhex). 


RX DMA word 5 —- AALS partial CRC) 


Partial AAL5 receive CRC (bits 31—0) 


This field stores the 32-bit CRC that is calculated over the entire payload of each received AAL5 packet. The 
CRC is stored in the last four bytes of the last cell in the AAL5 frame. The CRC check results in a unique 
polynomial. 


receive-completion ring 


recei 


The following table shows the composition of a 4-word receive-completion-ring entry. The receive-completion 
ring has 256 entries. The PC! SAR posts an item to the next entry in the completion ring when it completes 
reassembly on a packet. The receive-completion-ring pointer maintains the value of the current entry within the 
PCI SAR. The host can recalibrate to this by reading the value from the initialization section in control memory. 


ve-completion-ring summary 


ENTRY DESCRIPTION 


Reserved 
Start-of-buffer pointer — 28 bits 
4-byte ATM header 










Control field, EFCN cells received, packet length 





RX completion-ring word 0 — reserved 


This word is not used or defined. 


RX completion-ring word 1 — start-of-buffer pointer | 


2-116 


Unused (bits 31-28) | Start-of-buffer pointer — 16 byte aligned (bits 27-0) 


The 28-bit start-of-buffer pointer is provided to the host in the RX completion ring to enable it to locate the 
reassembled packet. 
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RX completion-ring word 2 — ATM header 


ATM header byte 1 ATM header byte 2 ATM header byte 3 ATM header byte 4 


The 4-byte header from the last cell in the reassembled packet is passed to the host. 
RX completion-ring word 3 — control 


Control (bits 31-29) Unused (bits 28-22) } Congestion cells received (bits 21-11) Packet length (bits 10-0) 


OWN (bit 31) 


This completion-ring entry is owned by the PCI SAR when the OWN bit is set and it is owned by the host when 
the OWN bit is zero. If the OWN bit of the next entry in the respective receive-completion ring is zero when the 
PCI SAR polls it to post the completion-of-packet processing, an error indicator in the status register is set and 
an interrupt is generated. This causes the buffer that the PC! SAR attempted to post to be lost. The PCI SAR 
clears the OWN bit in the receive-completion ring after it posts the packet. The host then owns the entry and 
may retrieve various pointers to the packet. 


packet overflow (bit 30) 


The packet-overflow bit is set if the receive buffer overflowed while processing the current packet. Every packet 
that ends in a buffer overflow is immediately terminated and a completion-ring entry is posted to the host. 


CRC condition (bit 29) 


The PCI SAR forwards AAL5 packets with a CRC error to the host. This bit is set when a packet is received with 
an AAL CRC error. 


congestion cells received (bits 21 — 11) 


The number of cells received in the packet with the EFCN indication set is forwarded to the host to implement 
associated feedback mechanisms to squelch the source. 


packet length (bits 10 — 0) 


All received data is passed to the host in units of 48 bytes. The packet length in 48-byte payload units from 
word 0 of the receive DMA block is passed to the host in twos-complement notation. This value is always zero 
for null-AAL packets. The length of an AAL5 or AAL3/4 packet in integer units is obtained by subtracting this 
value from the reassembly-buffer length reserved for the packet. 


registers 


The PCI SAR has defined two types of registers: the PCI configuration-space registers and control and status 
registers. The PCI-SAR internal registers have a PCI bus physical-address base value read from BASE REG 0 
of the PCI configuration space. This section describes several host-accessible internal PCI-SAR registers. 
Host-write accesses to nonexistent registers are ignored. A null word (32 zeros) is returned to the host on a read 
access from a nonexistent register. 


— PCI SAR configuration-space registers: 
These registers are initialized by the system-initialization procedure (BIOS device-initialization 
routine) to program the operation of the PC] SAR device with a PCl-bus interface. 


— PCI SAR control and status registers: 
These registers provide PCI SAR device status and control information. 
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TNETA1561 configuration-space registers 


The TNETA1561 supports the 64-byte header that is defined by the PCI specification revision 2.0. None of the 
device-specific registers in locations 64—255 are used. The predefined header region has a size of 64 bytes. 
The layout of the PCI configuration-space registers is shown below. 


a 















R/W 
[iain nose acess 
ee 
ceaeaa 
aad 
ae An 


0x30 Expansion ROM base address 


) 


tT Registers not implemented and return 0 





The PCI configuration-space registers are accessible only by PCl-configuration cycles. All multibyte numeric 
fields follow little-endian byte format. 


vendor-ID register (offset address 00h) 


The vendor-ID register is a 16-bit register that identifies the manufacturer of the TNETA1561. The Texas 
Instruments (TI) vendor ID is 104C. The vendor ID is assigned by the PCI special interest group. The vendor-ID 
register is located at offset address 00h in the PCI configuration space and is read only. 


device-ID register (offset address 02h) 


The device-ID register is a 16-bit register that uniquely identifies the TNETA1561 device within TI’s product line. 
The device ID is assigned by TI and is not the same as the device part number. The device-ID register is located 
at offset address 02h in the PCI configuration space and is read only. 
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command register (offset address 04h) 


The command register is a 16-bit register that provides coarse control for the device functionality to generate 
and respond to PCl-bus cycles. 


The command register is located at offset address 04h in the PCI eennome oe space. It is read and written by 
the host. The bit definition is given below: 





— Control bitO = I/O space 
— Control bit1 = memory space 
— Control bit2 = bus master 
~ Control bit3 = special cycle operations 
— Control bit4 = memory write and invalidate enable (this bit is set according to the requirements 
of PCI SAR). 
— Control bitS = VGA palette snoop (this bit always returns 0). 
— Control bit6 = parity-error response 
— Control bit7 = wait cycle control (this bit is hardwired to 0). 
— Control bit8 = PSERR enable 
— Control bit9 = fast back-to-back enable 
— Control bit 10 = bit 15 = reserved 
status register (offset address 06h) 
The status register is a 16-bit register that contains status information for the PCl-bus related events. The status 
register is located at offset address O6h in the PCI configuration space. The bit definition is given below: 
— Status bitO-6 = reserved 
— Status bit 7 = fast back-to-back enable 
— Status bit 8 = data parity reported 


Status bit9-10 = DEVSEL timing (the PCISLV decode logic supports medium DEVSEL timing 
and these bits return 01). 

signaled target abort 

received target abort 

initiated master abort (the PCIMST logic sets this bit to a 1 when it generates a 
. master abort). 

signaled-system error 

detected-parity error 


Status bit 11 
Status bit 12 
Status bit 13 


— Status bit 14 
— Status bit 15 


revision-ID register (offset address 08h) 


The revision-ID register is an 8-bit register that specifies a device-specific revision-identifier number. The current 
value of the register is OOh. The revision ID register is located at offset address O8h in the PCI configuration 
space and is read only. 


class-code register (offset address 09h) 
The class-code register is a 24-bit register that specifies the generic function of the device. The class code 
register is located at offset address O9h in the PCI configuration space and is read only. 

cache line-size register (offset address OCh) | 


The PCIMAC supports write and invalidate as a master. The host writes the cache line size into this byte-wide 
register. 
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latenc y-timer register (offset address ODh) 


The latency-timer register is an 8-bit register that specifies the maximum time TNETA1561 device can continue 
with bus-master transfers. The PCIMAC supports a burst of more than one data cycle. The host sets the latency 
requirements of the system in this register in PCl-bus clock units. When the current-time value (OOh) stored in 
the latency-timer register expires, the TNETA1561 immediately releases the bus after finishing the current data 
phase. 


header-type register (offset address OEh) 


The header-type register is an 8-bit register that describes the format of the PCI configuration-space locations 
10h to 3Ch. The header defined here is referred to as type 0. The header-type register is located at offset 
address OEh in the PCI configuration space and is read only. 


built-in self-test register (BIST) (offset address OFh) 


BIST is not supported by the PCI SAR. Reading this register returns 0. 


base-address register 0 (offset address 10h) 


: ; Host-memory address block for direct Read only by PCI SAR 
pase fegisier O(S2 pis) control-memory mapping Read and write by host 


Base-address register 0 is a 32-bit register. The base-address registers provide the base address of the 
control-memory blocks mapped into host memory. The complete address is the sum of base and offset 
addresses. The base address is written by the host during power-on reset time. The typical format for the 
base-address register is given below: 


— Bit (0) = 0, memory-space indicator 
— Bit(2-1) = 00, locate anywhere in 32-bit address space 
: 01, locate below 1M byte 
10, locate anywhere in 64-bit space 
11, reserved 
- Bit(8) ‘* = O(setto 1 only for prefetching) 
—- Bit (31-4) = 28-bit address 


Base-address register 0 defines the starting address of the direct mapping of control memory and internal 
registers in host memory. 


expansion ROM base-address register (offset address 30h) 


EPROM base register (32 bits) Host-memory address block for EPROM Read only by host 


The expansion ROM base-address register is a 32-bit register. The EPROM register defines the starting 
address of the external EPROM mapped in the host memory. The expansion ROM base-address format is given 


below: 
— Bit (0) = 1 enable EPROM 
— Bit(10-1) = reserved 
— Bit (31-11) = expansion EPROM base address 


Bits (31 — 16) are read-only bits. These bits are written by the host after initialization to allocate the memory block 
in the host memory for mapping EPROM. The remaining bits (15 — 0) are hardwired to zero. This allows EPROM 
addressing up to a maximum size of 64K bytes. 
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in terrupt-line register (offset address 3Ch) 


The interrupt-line register is an 8-bit register that is used to communicate the routing of the interrupt. This register 
is written by the HOST software during system initialization. The value in this 8-bit register indicates which input 
of the system-interrupt controller is connected to the PCI-SAR interrupt terminal. The typical value is between 
O and 15. The interrupt-line register is located at offset address 3Ch in the PCI configuration space and is read 
and written by the host. 


interrupt-pin register (offset address 3Dh) 
The interrupt-pin register is an 8-bit register indicating the interrupt pin that the TNETA1561 is using. The PCI 
SAR is defined as a single-function device, uses only interrupt A, and has a value of 1. The interrupt-pin register 
is located at offset address 3Dh in the PCI configuration space and is read only. 

minimum-grant register (offset address 3Eh) 


The minimum-grant register is an 8-bit register that specifies the length of the data burst required by the 
TNETA1561 for every PCl-bus grant. This specifies the length of the burst period that the PCI-SAR device needs 
in 0.25-us units. The typical value of 0.75 us (decimal 3) is defined for PC] SAR. The minimum-grant register 
is located at offset address 3Eh in the PCI configuration space. 

maximum-latency register (offset address 3Fh) 


The maximum-latency register is an 8-bit register that defines the maximum latency value for the PCI SAR. This 
specifies how often the PCI-SAR gains access to PCI bus in 0.25-ps units. A typical value of 10 us (decimal 40) 
is defined for PCI SAR. The maximum-latency register is located at offset address 3Fh in the PCI configuration 
space. 


PCI-SAR control and status registers 


The PCI SAR has defined the eee registers for status and control information. 


OFFSET ADDRESS 
(24 BIT HEX) DESCRIPTION WIDTH IN BITS READ/WRITE 


OOE000 Software reset Write only 
00E004 SAR-status register Read only 


O0E008 Interrupt-enable mask register Read/write 


00E010 Reserved — 
OOEO0C SAR-configuration register Read/write 
00E014 BWG-table-size register | Read/write 
00E018 Transmit/receive FIFO maximum-depth register Read/write 
00E01C Reserved — 
00E020 Clear-transmit-freeze command Write only 


00E024 Clear-receive-freeze command Write only 








wy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-121 


PRODUCT PREVIEW 


- M3IABZYd LONGOYd 


TNETA1561 | 
ATM SEGMENTATION AND REASSEMBLY DEVICE 
WITH PCI HOST INTERFACE | 


SDNS028A - OCTOBER 1994 —- REVISED DECEMBER 1994 | 


PRINCIPLES OF OPERATION 


PCI-SAR-status register (offset address 00E004) 


The PCI-SAR-status register is read only for the host. All the bits, except the transmit-freeze bit and the PCl-bus 
error flags, are cleared when the register is read. PC| SAR generates a PCl-bus interrupt to the host if one of 
the bits in the register is set and if the condition represented by the bit is enabled by the interrupt-enable mask 
register. The PCl-bus interrupt is an asynchronous signal that is held until the system clears the condition that 
caused the interrupt. The bit format is shown in following table: 


ADDRESS TARGET REPORTED . 
PARITY ERROR (BIT11) | PARITY ERROR (BIT10) _ RETRY COUNT EXPIRED (BIT9) LOCAL-BUS INTERRUPT (BIT 8) 
Receive freeze (bit 7) Transmit freeze (bit 6) Aa aUAILOGHDI GN Receive completion not available (bit 4) 


Receive big-free buffer Receive small-free buffer Transmit completion Pacaive leti dat ni 0 
not available (bit 3) not available (bit 2) update (bit 1) completion update (bit 0) 






transmit completion update and receive completion update (bits 1—0) 


The transmit or receive completion update bit is set when the hardware releases a transmit or receive descriptor, 
respectively, to the completion ring. This is initiated when the OWN bits in the respective DMA blocks are cleared 
by TNETA1561. | 


receive big free-buffer not available and receive small free-buffer not available (bits 3-2) 


The appropriate receive free-buffer not-available bit is set when the first entry in the corresponding receive 
free-buffer ring is not available. This is indicated when the OWN bit in the first entry of the free ring is zero. The 
incoming cell is deleted because there is no buffer available to hold it. This eventually causes the loss of the 
entire packet due to the resultant CRC error. The buffer allocation-error bit in the DMA block is set. This is 
indicated by a zero in the first free-buffer ring entry. | 


receive completion-ring not available (bit 4) 


The receive completion-ring not-available bit is set when the next descriptor in the receive completion ring is 
not released by the host. This is indicated when the OWN bit in the entry is zero (host owns it). This packet and 
buffer are both lost to host memory. 


transmit completion-ring not available (bit 5) 


The transmit completion-ring not-available bit is set when the next descriptor in the receive completion-ring is 
not released by the host. This is indicated when the OWN bit in the entry is zero. The transmit-freeze bit is set 
when this bit is set, disabling all transmit operation until the transmit-freeze bit is cleared via an active command 
from the host. | 


transmit freeze (bit 6) 


The transmit-freeze bit is set when the transmit completion-ring not-available bit is set, disabling all transmit 
operation until the transmit-freeze bit is cleared via an active command from the host. This has the same effect 
on the transmit circuitry as disabling the transmit-enable bit. 


receive freeze (bit 7) 


The receive-freeze bit is set when the receive completion-ring not-available bit is set, disabling all receive 
operation until the receive-freeze bit is cleared via an active command by the host. The buffer that could not be 
posted is effectively lost, and the host must find some way to recover it while the freeze is in operation. The 
receive-freeze indicator has the same effect on the receive path as disabling the receive-enable bit. 
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local-bus interrupt (bit 8) 
The local-bus interrupt bit is set if an interrupt is generated on the local bus. 
retry count expired (bit 9) 


The retry count expired is set to a 1 logic state when the macro exceeds the maximum retry count with a master 
transaction. This bit is set to a 0 logic state after reset. 


target-reported parity error (bit 10) 


The target-reported parity error is set to a 1 logic state when the macro receives a data-parity error (receives 
PERR during a master write or detects a parity error during master read). This bit is set to a O logic state after 
reset. | : 





address-parity error (bit 11) 


The address-parity error is set to a 1 logic state when the macro is a PCI target and detects an address 
parity (target). This bit is set to a O logic state after reset. 


interrupt-enable mask register (offset address 00E008) 


Unused (bits 31-12) | Mask bits (bits 11-0) 


An interrupt-enable mask-register bit has a bit that corresponds to every entry in the PCI-SAR status register. 
When a bit is set in the status register, an interrupt is generated if a corresponding bit in the status register is 
also set. 


SAR-configuration register (offset address OOE00C) 


The SAR-configuration register holds various values pertaining to the overall PCI-SAR configuration. The host 
can read the register and is allowed to program the EN receive and the EN transmit bits. In addition, two more 
bits are defined for posted write-buffer enable (PWBE) and software reset (SR). 


Unused (bits 31-5) SDH (bit 5) Unused (bits 4-3) EN receive (bit 2) | EN transmit (bit 1) O (bit 0) 


enable-transmit operation (EN transmit) (bit 1) 


The EN-transmit bit allows the host to disable packet-to-cell segmentation and any payload-data transfer from 
the host to the link. The EN-transmit bit is set high to enable normal transmit processing and set to zero to disable 
such processing. The EN-transmit bit is set to zero on reset, disabling transmit operation until various 
configuration registers, the BWG table, and DMA blocks are configured by the host. The transfer of the new cells 
from PCI bus to PCI SAR is inhibited when the enable-transmit bit is disabled. Cells already in the output buffer 
are forwarded to the PHY layer. 


enable-receive operation (EN receive) (bit 2) 


The EN-receive bit allows the host to disable packet reassembly. All cells from the PHY layer are dropped when 
the EN-receive bit is zero. The EN-receive bit is set high to enable normal processing and is set to zero on reset, 
disabling receive operation until various Configuration registers and the DMA blocks are reconfigured by the 
host. The transfer of new cells from the ATM link to the receive buffer is inhibited when the enable-receive bit 
is disabled. 


SDH bit (bit 5) 


If the SDH bit is set to 0, the TNETA1561 transmits null cells (unassigned cells) when no valid cells are ready 
for transmission. If SDH bit is set to 1, the device transmits idle cells as fillers. 
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BWG table-size register (offset address 00E014) | 


Unused (bits 31-11) | BWG table size (bits 10-0) 


The 11-bit BWG table-size register allows the user to configure the size of the BWG table in 4-byte words. Each 
word in the table consists of four 8-bit entries. The maximum table size is 1200 (decimal) allowing 4800 entries. 
A resolution of 32 kbit/s is achieved with 4800 entries. The number of entries in the table is one more than the 
number programmed in this register, and there is one entry in the table when the register is set to zero. 


transmit/receive FIFO maximum-depth register (offset address 00E018) 


Unused (bits 31-20) | Maximum receive FIFO depth (bits 19-10) | Maximum transmit FIFO depth (bits 9-0) | | 


This is the only set of statistics collected by the TNETA1561 because it is useful information for queuing analysis 
in different platforms with varying PCl-bus clock speeds and latencies. These registers are not of the read and 
reset variety and must be set to zero to restart the measurement. 
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@ Recovers a 622.08-MHz Clock Signal From DW PACKAGE 
a 622.08-Mbit/s STS-12/STM-4 NRZ Data (TOP VIEW) 
Stream 









@ Accepts Pseudo-ECL (PECL) Input Voltage VecY1 ~ 20{] GND 


Levels on the Input Data Stream — : - a Te 
® Requires a Single 5-V Supply GND [4 171] DATAOUT 
@ Provides PECL-Clock and PECL-Data DATAIN [15 161] Voc 


Outputs DATAIN [] 6 15{] Voc 


ane ~ GND [} 7 141] CLKOUT 
description Veo ll 8 13f] GLKOUT 
The TNETA1622 recovers an embedded clock CAPOUTN {J 9 121) GND 
signal from a 622.08-Mbit/s STS-12/STM-4 CAPOUTP [J 10 111) GND 
nonreturn-to-zero (NRZ) data stream using a 
frequency/phase-locked loop. The device accepts NC — No internal connection 


PECL (ECL signals referenced to 5 V instead of 
GND) input-voltage levels. The recovered clock 
and data outputs are PECL compatible. The serial 
data input and recovered clock and data outputs 
are differential to provide maximum noise 
immunity. 


The TNETA1622 requires only a positive 5-V supply (5 V + 5%) for operation. The TNETA1622 is specified for 
operation over a temperature range of —40°C to 85°C. 


functional block diagram 


Transition 
Detector 


CAPOUTP CAPOUTN 

















Voltage- 
Controlled 
Oscillator 


Charge 
Pump/Loop 
Filter 


Frequency- 
and-Phase 
Detector 


DATAIN 
DATAIN 













DATAOUT 
DATAOUT 
CLKOUT 
CLKOUT 
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TERMINAL 
NAME 


CAPOUTN 
CAPOUTP 





Terminal Functions 


5 cE a 
8 
te [eemsonemannoreee 
a 

o 

Bree 

ss 





















DATAOUT 
DATAOUT Serial data output, PECL compatible 
Ground (0-V reference) 


4,7, 11, 12, 
19, 20 
Supply voltage 


1,2, 8, 15, 16 


cae ee Ie! No connection. Leave floating (open). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Voc (See Note 1) ...... 5. . cee cece eee eee ec ere tere eerenevees -0.5Vto7V 
input voltage range PECK. scinccateioneuu ena neauedenntesey make Waa seelhe eeaeeaaeuads OVto7V 
POWSI-GISSIDAUION: ceecasiciasteccae sees hace eee sue nee iG taea tials acaslare aaa 562 mW 
Operating free-air temperature range, Ta ...... 2. cece cece eee es mae cns se ote wees -40°C to 85°C 
StOrage [EMPeTAlule TANG: 4 tnd ise whtaeieewd acca pe anare Rees seee sed tenoisues —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under. “recommended peered conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to the GND terminals. 


recommended operating conditions 


ae goes e renee crrcahorertoerence en 
Woo SupiywotageSSSCSCSCSC“SCSC“‘“‘s*~s*~s*‘“‘~‘—~s~t~i ss | 
[inn Hig evelinputvotage —~S~S~S*~SC*Sd PECL wee NRW) | Vog=1—_Voo-08| V_ 
vi, Lowievelinputvotage ———~—~S~S~SCS PEL Gee Note 2) ——_-[Vog=n9 Voo=15 | V 
[Ty Operating ee-airtemperture————OSCSC~—S~S*~“—~S*S*S*~‘“~*~*~‘~‘“~C~C~sC SSC‘ K;C*CYSC 


oe 2: The algebraic convention, in which the ieast positive (most =e value is designated minimum, is used in this data sheet for 
logic-level voltages only. 
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electrical characteristics over recommended ranges of operating free-air temperature and supply 
voltage (unless otherwise noted) (see Figure 1) 


PARAMETER TEST CONDITIONS | MIN == MAX =| _ UNIT 
: CLKOUT, CLKOUT, | Voc = 4.75 V to 5.25 V, 
VoH — High-level output voltage | Oaraqutt DATAOUT os bias Voc-1.03 Voc-0.85 
CLKOUT, CLKOUT, | Voc = 4.75 V to 5.25 V, 
VOL Low-level output voltage DATAOUT, DATAOUT ca eee 2 and3 Voc— 1.85 Voc- 1.62 


WH High-level input current DATAIN, DATAIN Voc =5.25V, Vj =4.45V Pp 


107 
Outputs open 
mA 


Voc = 5.25 V, f = 622.08 Mbit/s, 407 
See Note 4 
























Supply current 





ICC 


NOTES: 2. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for 


logic-level voltages only. 
3. These outputs are terminated through a 50-Q resistor to Vcc —2 V. 
4. CLKOUT, CLKOUT, DATAOUT, and DATAOUT each are terminated with a 50-Q resistor to Voc —2 V. 


operating characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Figure 1) 


PARAMETER _ TEST CONDITIONS MIN TYP MAX] UNIT 


[Deviation ofcocksamping port tap ——SCSC~“~“*~“~“~‘~“tC*‘“‘ RO Qe | SCSC~dC 
[ANS iter recoveredclock ——=SCSC~CS~“~“~*~*~*~*~*~S~CS ee Notes | —*dR 
[inptdatarate SS SCSCSCSCSCSCSC‘iSS*dSCt 


NOTES: 3. These:outputs are terminated through a 50-© resistor to Vcc — 2 V. 

Acquisition time is the time required to achieve a valid clock output while applying a 2’ — 1 pseudo-random bit sequence. 
RMS jitter is measured with a 231 — 1 pseudo-random bit sequence. 

This measurement is made with a 213 — 1 pseudo-random bit sequence with string substitution. 










NON 
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PARAMETER MEASUREMENT INFORMATION 












Voc -2V 
DATAIN DATAOUT 
_ DATAIN DATAOUT 
cada 0} teratez2 [a3 gt 








CAPOUTN 


LOAD CIRCUIT 
DATAIN 50% 50% 
CLKOUT 50% | . 50% 
I | = 
—>| ke— tesp 
VOLTAGE WAVEFORMS 


Figure 1. Load Circuit and Voltage Waveforms 
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@® Generates a 622.08-MHz Clock From a TTL DW PACKAGE 
Clock of 19.44 MHz (TOP VIEW) 
® Provides Differential Pseudo-ECL (PECL) 


Outputs 
® Operates From a Single 5-V Power Supply 


@ Packaged in 20-Pin Plastic Small-Outline 
(DW) Package 


description 


The TNETA1630 is a 622.08-MHz_ clock- 
generation device that utilizes a TTL clock input at 
19.44 MHz. The 622.08-MHz clock is provided on 
differential pseudo-ECL (PECL) outputs. The 
TNETA1630 operates from a single 5-V power 
supply. An internal second-order low-pass filter is 
used to reduce jitter. 





NC — No internal connection 


functional block diagram 












CLKOUT 
CLKOUT 


Voltage- . 
Controlled 
Oscillator 









_ CLKIN Frequency- Charge 


and- Pump/Loop 
Divide by 
32 


Phase Filter 
Detector 
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. Terminal Functions 


TERMINAL 
DESCRIPTION 
NAME N 


0. 
CLKIN 5 19.44-MHz TTL-input clock 

16 

15 




















CLKOUT | ~~ | 622.08-MHz PECL-output clock true 
CLKOUT 0. 622.08-MHz PECL-output clock complement 
= 


ND Ground (0-V reference) 
VCC 12.14.17 Supply voltage 
NC 


No connection (leave floating) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


6, 7, 8, 10, 
18, 19, 20 


1,2, 4, 9, 11 


Supply voltage range, Voc (see Note 1) 2... eee cece eee eee eens -0.5Vto7V 
INDUE VONAGE TANGe: -cosmiccsisit tei weet cos keniteaans s eT ee ee ee ee eee eee -1.2Vto7V 
Operating free-air temperature range, Ta .......- ee ee eee eee eee ences ... ~40°C to 85°C 
Slorage lOmperature TaNde snes css aead fanccepeerawents cauewan eee eearsatee ede —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to the GND terminals. 


recommended operating conditions | 


a 
[Vin Highlevelinputvotage —~=~=~“‘*~*“‘“~*~*~*~*~*dr I eNO SC*dC 
[Vi___Lowevelinpwtvotage ——SCSCSC~C~C~SCSC~SCSCS~S~ Tee Notes) | SCSC~« YC 


TA Operating free-air temperature | | —40 85 


NOTE 2: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for 
logic-level voltages only. 

















electrical characteristics over recommended ranges of operating free-air temperature and supply 
voltage (unless otherwise noted) = 


[PARAMETER | ___TESTGONDITIONS [WIN WAX | ONT 


Vcc = 6.25 V, Vi = Vcc or GND 


ee 
Vcc = 5.25 V, f = 622.08 MHz, . 
50 
Outputs open 
mA 


Vcc = 5.25 V, f = 622.08 MHz, 50 | 
See Note 4 : 


NOTES: 2. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for 
logic-level voltages only. 

These outputs are terminated to Voc-2 V. 

4. These outputs are terminated with a 50-Q resistor to Voc—2 V. 




















Icc Supply current 






o 





wy TEXAS 
INSTRUMENTS 


2-130 POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 


TNETA1630 
622.08-MHz CLOCK-GENERATION DEVICE 


SDNS029 — OCTOBER 1994 





operating characteristics over recommended operating free-air temperature range (unless 
otherwise noted) | 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


RMS jitter, recovered clock See Note 5 Po °RMS | 


NOTES: 4. These outputs are terminated with a 50-Q resistor to Vcc-2 V. - 
5. RMS jitter is measured with a 231 -1 pseudo-random bit sequence. 
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TNETS2020A 
ADVANCED STS-1/DS-3 RECEIVER/TRANSMITTER 
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® Member of Texas Instruments Line of @ Provides Both Terminal-Side and Line-Side 
Standard DS-3 and SONET Devices Loopbacks | 
@ Provides the Functions Necessary to © Meets the Applicable ANSI, Bellcore, and 
Receive and Transmit a DS-3 or STS-1 CCITT Standards: 
Signal Including: — ANSI T1.102-1989 
— Selectable B3ZS Codec and — TR-TSY-000499 Issue 3, Dec 1989 
Corresponding P- and N-Rail ~— TR-TSY-000191 Issue 1, May 1986 
Inputs/Outputs or Combined NRZ — TR-NWT-000253 Issue 6, Sept 1990 
Input/Output . | — CCITT Rec. G.703, 1985 
— On-Chip Clock Recovery @ Packaged in 44-Pin Plastic Leaded Chip 
~ Loss-of-Signal Detection and DS-3 Carrier 


Alarm-Indication-Signal (AIS) Generation 
© Adaptive-Equalizer and AGC Circuits Help 
Recover Attenuated DS-3/STS-1 Signals 


FN PACKAGE 
(TOP VIEW) 





NC — No internal connection 


description 


The TNETS2020A provides the functionality required to transmit and receive a DS-3 or STS-1 line signal. The 
device requires a minimum of external passive components (resistors and capacitors) for the on-chip 
phase-locked loops and line terminations. The device includes AGC and adaptive-equalizer circuits that help 
recover attenuated DS-3/STS-1 signals and an analog phase-locked loop to recover the imbedded clock signal 
from the incoming serial-data stream. The device also includes the filtering and processing required to meet the 
ANSI and Bellcore DS-3 and STS-1 pulse templates and eye patterns. 


The TNETS2020A provides an optional B3ZS codec that converts the DS-3/STS-1 line code to an NRZ digital 
format and vice versa. When the B8ZS codec is bypassed, the device provides (accepts) P- and N-rail outputs 
(inputs). A high on the P-rail I/O represents a bipolar + 1 and a high on the N-rail I/O represents a bipolar — 1. 
This feature is useful for applications where the B3ZS codec is implemented in a corresponding framer device. 
The TNETS2020A also provides loss-of-signal detection, alarm-indication-signal (AIS) generation, and 
line-side and terminal-side loopback capability. | 
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-TNETS2020A 


ADVANCED STS-1/DS-3 RECEIVER/TRANSMITTER 


SDNSO06C ~ APRIL 1992 - REVISED DECEMBER 1994 
functional block diagram 


Line Side | Terminal Side 











RPLLC1 RPLLC2 CV RAIS PRBS | BIST 
| Analyzer . 
Adaptive z 
Dit Equalizert ao Clock [nN . | 83zS CLKO 
Di2 AGC Recovery Decoder RX /0 RP/RD 
Control | Z RN 
| | | CLKO 
eee LOS 
DLOS Detector 
TRLBK 
Loopback 
Controls 
LNLBK 
DS-3 
REFCK AlS 
Generator 
TP/TD 


TX VO TN 


| B3ZS _ Control CLKI 
DOUT Output Control Pn ine Encoder RZTXIN 


TAIS - TPLLC a BazZSDIS 
detailed description 








line-side bipolar data to terminal-side digital data 


The TNETS2020A accepts a bipolar line-side signal with a rate of 44.736 or 51.84 Mbit/s and converts the signal 
to one of two digital data formats depending upon the state of B3ZSDIS. If B8ZSDIS is high, the B8ZS codec 
is enabled and NRZ data is sent to RP/RD. RN in this state is held at a low level. If B3ZSDIS is low, the B3ZS 
codec is disabled and the data is sent to both RP/RD and RN. RP/RD is high when a positive pulse occurs on 
the incoming bipolar signal, and RN is high when a negative pulse occurs. In both cases, the recovered clock 
signal appears on CLKO and CLKO, where CLKO is an inverted version of CLKO. 








The TNETS2020A line-side input contains an adaptive equalizer and AGC circuit. This circuit provides the 
necessary gain and pulse shaping to recover DS-3/STS-1 signals transmitted over coaxial cable. The input 
signal should conform to the DSX-3 pulse as defined in T1.102 or the STSX-1 pulse defined in TR-NWT-000253 
Issue 2, December 1991, when driven over zero to 450 feet of AT&T 728A/734A coaxial cable (or the equivalent) 
with an additional flat loss of 20 dB maximum. The maximum input level is 1-V peak. 


The line-side inputs to the TNETS2020A operate in either differential or single-ended mode. For 
differential-mode operation, both inputs are used. For single-ended mode operation, either input can receive 
the line signal with the other input connected to GND through a capacitor (see Figure 1). 
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line-side bipolar data to terminal-side digital data (continued) 


4:4 
Line Input 2 


0.1 uF 






RPLLC1 NC 


NC 


DSX Output 


TNETS2020A 


= (a) SINGLE-ENDED INPUT 


1:1 31 
RPLLC1 
Line Input | 7 


DSX Output 


TNETS2020A 





a (b) DIFFERENTIAL INPUT 


Figure 1. External Component Connections 


The TNETS2020A uses a phase-locked loop (PLL) to recover the clock signal from the incoming bipolar line 
signal. REFCK is used to calibrate the PLL and requires an input signal with a frequency of 44.736 MHz 
+200 ppm for DS-3 operation. A tolerance of +20 ppm is required for a DS-3 AIS signal. For STS-1 operation, 
a clock frequency of 51.84 MHz +200 ppm is required. The data output from the clock-recovery circuit consists 
of two signals representing the positive and negative pulses of the bipolar signal. If the B3ZS decoder is enabled 


(B3ZSDIS is high), the data is restored to its original NRZ digital data format. A coding-violation pulse is — 


generated when the input signal violates the B3ZS encoding sequence defined in Table 6 of ANSI T1.102-1989. 
If the B83ZS decoder is disabled, the P and N signals are passed on to the output stage. 


The TNETS2020A detects a loss-of-signal condition and sets DLOS low to indicate the loss has occurred. DLOS 
becomes active when 175 +75 consecutive zeros occur on the input. DLOS remains active until an average 
pulse density of 33% or greater is detected over a period of 175 +75 clock cycles, starting with the receipt of 
a pulse. 
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terminal-side digital data to line-side transmit. 


The TNETS2020A accepts terminal-side digital data that is in one of two forms and converts it to eithera DS-3 | 

or STS-1 line format. The device accepts either NRZ data or P and N data. A high on the P-data input represents - 
a positive pulse in the B3ZS encoded line data, and a high on the N-data input represents a negative pulse. The 
P- and N-data streams must be encoded to meet the B3ZS line code required for DS-3 or STS-1 transmission 
prior to being sent to the TNETS2020A. For NRZ data, the TNETS2020A performs the B3ZS encoding. The 
choice of NRZ or P- and N-data input is made with B3ZSDIS, which is also used to determine whether the 
terminal-side output is NRZ or P- and N-data. Both the terminal-side input and output are in either NRZ or P- 
and N-data format. When the combined NRZ data input is chosen, the data is input through TP/TD and TN 
should be tied to ground. A phase-locked loop is used in the input to desensitize the output pulse duration and | 
amplitude to changes in the input-clock duty cycle. 


The TNETS2020A contains the filtering and processing required to transform the B3ZS encoded NRZ data into 
pulses that meet the DS-3 or STS-1 output masks. The output is buffered enabling the device to directly drive 
a line transformer via DOUT. DOUT can be disabled by taking DSXDIS low. 


An additional feature offered by the TNETS2020A is the transmit DS-3 AIS generation that is compliant to 
BellCore specification TR-TSY-000191. When TAIS goes low, the TNETS2020A transmits a DS-3 AIS line 
signal. To meet the AlS-transmission stability requirements, an input clock stable to +20 ppm must be used as 
the input to REFCK (+200 ppm is allowed for non-AlS operation). Since the STS-1 AIS signal is different from 
the DS-3 AIS signal, this feature should not be used for STS-1 applications. 





loopback 


The TNETS2020A provides line-side and terminal-side loopback paths. The line-side (bipolar-to-bipolar) 
loopback is activated when LNLBK goes low and enables a loopback from DI1/Dl2 to DOUT via the adaptive 
equalizer/AGC, clock recovery, B3ZS decoder, B3ZS encoder, TX I/O control, and output control functions. The 
terminal-side (digital-to-digital) loopback is activated when TRLBK goes low and enables a loopback from the 
transmitter inputs to the receiver outputs via the RX I/O control function only. These loopbacks can be operated 
simultaneously or meepencenly. 








v3 TEXAS 
- INSTRUMENTS 


2-136 . POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


TNETS2020A 
ADVANCED STS-1/DS-3 RECEIVER/TRANSMITTER 


SDNSOO6C — APRIL 1992 —- REVISED DECEMBER 1994 





Terminal Functions 


DESCRIPTION 





TERMINAL 
NAME 












oo Waa 
mee SS 
ast __22 
cKO 14 





B3ZS coding violation indicator 
Line-side inputs 


Digital loss-of-line input signal indicator. DLOS becomes active when 175 + 75 consecutive zeros occur 
onthe line and becomes inactive upon detection of an average pulse density of 33% or more over a period 
of 175 + 75 clock cycles after an input pulse is detected. 






































pouT__—_—«s 
DSKOIS 
cNCBK 
RAIS 19 Receive alarm-indication signal enable. If RAIS is low, the generation of a DS-3 alarm-indication signal 
on the receiver output lines is enabled. If RAIS is high, normal receiver outputs are enabled. 
REFCK D4 Reference clock. When the DS-3 AIS generator is not needed, the REFCK tolerance is + 200 ppm. When 
the DS-3 AIS generator is needed, the REFCK tolerance is + 20 ppm. 
Nts 






Terminal-side output for combined NRZ data; P-data output for split P- and N-data stream 








Transmit RZ input enable. RZTXIN enables the B3ZS encoded return-to-zero pulses (that are properly 
timed) on the transmitter TP/TD and TN inputs when low. CLKI and B3ZSDIS must be connected low in 
this mode. 






Transmit alarm-indication signal enable. If TAIS is low, the generation of a DS-3 alarm-indication signal 
on the transmit output lines is enabled. If TAIS is high, normal transmit outputs are enabled. 


Terminal-side tisk for N-data oe stream; tie to balls if unused 


















Tem einai put for combined NRZ dala: dla put for opitPand Wasa swear 
TPULG 8 
TAR 2 FTeminafsideloopbackenable 
ZERO 42 Short cable-line buildout control. Improved DOUT for short cables (< 50 ft). 


No connection (leave floating) 
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absolute maximum ratings over operating free-air temperature ranget 


Supply voltage range, Voc (See Note 1) 2... cece cence tee eee ene tee eee e eens -0.5Vto7V 
Input Voltage TANdE,. Vii vase cent dinwateewewestaueewemeea bissind treet Ghcuceiea enisunemer te —0.5 V to Voc +0.5 V 
Operating free-air temperature range, Ta ............065- Mm eaeee ee ee ee -40°C to 85°C 
Storage temperature range ......... ‘aight s theme en Ae eee SLR Ouest ee aaa eee « —65°C to 150°C 
POWEr GISSIDQNON tint came ta-w ds eww ead baractaavouxn teen acas BE sth etal eens Durante alae eerste ecuee 1.1W 


tT Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to the AGND terminals. 


recommended operating conditions 





electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 
PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT 











VOH __ High-level output voltage Voc = 4.75 V, loH=-4 mA 
I VOL Low-level output voltage Vcc = 4.75 V, lol = 4mA 
VIK Input clamp voltage Voc = 4.75 V, I} =-18 mA 


V 
hice Fes — ee ee) 


loc Supply current Outputs terminated 180 220 


¥ All typical values are at Voc = 5 V. 







switching characteristics 


tr 
tf Fall time 
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timing requirements, C; = 15 pF max (see Note 2 and Figure 2) 





NO IN uni 
td(CL-RPV) Delay time from CLKO J to RP valid 05 5 | ns 
td(CL-RDV) _ Delay time from CLKOJ to RD valid | 0.5 5 


td(CL-RNV) © Delay time from CLKOJ to RN valid 


NOTE 2: Timing parameters are measured at (VOH — Vo_)/2 or (ViH — ViL_)/2 as applicable. 









eee ee eaere eee 
| | 


CLKO 
(output) 

| | 
RP/RD/RN 
(output) 


Figure 2. Receiver CLKO to Data Output 


timing requirements, C; = 15 pF max (see Note 2 and Figure 3) 


oe od Duty cycle, CLKO 45% 55%) 
oe tce(CLKO)1 Clock cycle time, CLKO, DS-3 | 22.353 
te(CLKO)2 Clock cycle time, CLKO, STS-1 


NOTE 2: Timing parameters are measured at (VOH — VoL)/2 or (ViH — ViL)/2 as applicable. 















operating characteristics, C; = 15 pF max (see Note 2 and Figure 3) 


a SN] OT 
td(CH-RPV) Delay time from CLKOT to RP valid 0.75 5 


td(CH-RDV) _ Delay time from CLKOT to RD valid 0.75 5 
td(CH-RNV) _ Delay time from CLKOT to RN valid 


NOTE 2: Timing parameters are measured at (VOH — VOL)/2 or (VIH — ViL)/2 as applicable. 


k¢—__—_—____—— 1,2 ——__———_») 
| | 


CLKO 
(output) : 
| 
RP/RD/RN 
(output) 


Figure 3. Receiver CLKO to Data Output 
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timing requirements, C, = 15 pF max (see Note 2 and Figure 4) 






1 | teCLKI)1 Clock cycle time, CLKI, DS-3 


te(CLKI)2 Clock cycle time, CLK!, STS-1 















Setup time, TD valid before CLKIT 


tsu(TN) Setup time, TN valid before CLKIT 


Hold time, TP valid after CLKIT | 







th(TN) Hold time, TN valid after CLKIT 
NOTE 2: Timing parameters are measured at (VOH — VoL)/2 or (ViH — Vi_)/2 as applicable. 


'——__—______—— 1,2 —________ 
i | | 


CLKI 


—4 es 3—y  \+— 





















TPITDIIN, KROQ OOOO OOOO 
TnI REE IRR RAINIER RRR RAN 














Figure 4. Transmitter-Input Timing 


operating characteristics, C, = 15 pF max (see Note 2 and Figure 5) 


[NOTIN TPMT ONT 
[_ [ig Delay time trom occurrence ofvoationtoCVvaid ——SSOSC~—SC—sSCSCCdYC 
| 08 0.9 1} Ul 












tT UI (unit interval) = 1/system clock frequency 

+ Pulse duration is measured at (VOY - VoL)/2. 

§ Pulse duration is measured at VOH. . 

NOTE 2: Timing parameters are measured at (VQH — VoOL)/2 or (ViH — ViL_)/2 as applicable. 


oe 
CV ff \. 
(output) 
| | 
Sd 


Figure 5. Coding-Violation Pulse 
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APPLICATION INFORMATION 





receiver-operation input requirements (see Figure 10 and Note 3) 


PARAMETER VALUE 

Interface cable AT&T 728A/734A coaxial (or equivalent) 

| 44.736 Mbit/s + 20 ppm 
Bit rate : 

STS-1 51.840 Mbit/s + 20 ppm 
Single ended 35 mV-1V 
Input-signal amplitude - . 
35 mV — 1 V (differential amplitude between DI1 and D2) 

Cable length | 0 — 450 ft 
ry eee > 26 dB at 22.368 MHz with external 75-Q resistor (effect of external transformer excluded) 
nput-return loss 

> 26 dB at 25.920 MHz with external 75-Q resistor (effect of external transformer excluded) 


ene No greater than either the value produced by adjacent pulses in the data stream or + 10% of 
the peak-pulse amplitude (whichever is greater) 


Input-jitter tolerance, DS-3 and STS-1 __ | See Figures 6 and 7 



















Signal-to-noise tolerance 





A sinusoidal signal at one-half the system frequency whose amplitude is at a maximum level 
of —18 dB (see Figure 9). 


Signal coupling The input signal must be ac coupled to the device via a transformer or capacitor. 


NOTE 3: A 75-Q +5% output load is assumed in these specifications. 


Interferring-signal tolerance 





receiver-operation output specifications (see Figure 10 and Note 3) | 


| PARAMETER VALUE 
Clock recovery jter peaking 
Clock recovery PLL pull-in time < 100 ps 






NOTE 3: A 75-Q+5% output load is assumed in these specifications. 
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APPLICATION INFORMATION 





transmitter-operation specifications (see Figure 10 and Note 3) 


PARAMETER 7 : VALUE 
Pulse shape (DS-3) As defined by Figure 2 in ANSI T1.404-19xx, TIE1.2/93-004 
Pulse shape (STS-1) As defined by Figure 4-10 in TR-NWT-000253, Issue 8, October 1993 
Amalia +0.81 V +10% for DS-3, | 
nee +0.95 V +10% for STS-1 
0.05 UI max with jitter-free input clock on CLKI 


Pulse shape (DS-3) As defined by Figure 2 in ANS! T1.404-19xx, TIE1.2/93-004 : 
Pulse shape (STS-1) As defined by Figure 4-10 in TR-TSY-000253 with 0 to 50 ft of output cable 


+0.67 V +10% for DS-3, 

















DOUT output characteristics 
(ZERO high) 









DOUT output characteristics 


(ZERO low) Amplitude 


+0.8 V +10% for STS-1 


Pulse shape (DS-3) As defined by Figure 9.6 in TR-TSY-000499 _ 


NOTE 3: A 75-Q +5% output load is assumed in these specifications. 


TRLBK 
1 


AIS and loopback-control signal arbitration 


Terminal loopback 
AIS 


Line loopback 


a ee 
[0 | Terminal toopback [Normal 


a Terminal loopback | Line loopback 
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APPLICATION INFORMATION 


power-down mode 


To reduce the current required by the device when either the transmitter or receiver is not used, the following 
power terminals must be tied to ground: 


@ Receiver-only operation: Ground terminals 5, 6, and 37 for a supply current reduction of approximately 
10 mA 


@ Transmitter-only operation: Ground terminals 25, 28, and 30 for a supply current reduction of 
approximately 80 mA 


jitter performance 


Preliminary tests have been executed on the TNETS2021A device to qualitatively characterize jitter 
performance. Typical data is provided in Figures 6, 7, and 8. This information is for reference only and is not 
intended to be used as precise performance parameters for these devices. Although the data was taken on the 
TNETS2021A, the results are also valid for the TNETS2020A. For STS-1, jitter-tolerance requirements (as 
specified in Bellcore TR-NWT-000253) are exceeded (see Figure 7). 


receiver jitter tolerance — 


Receiver jitter-tolerance data is plotted in Figure 6 and Figure 7. The device meets DS-3 jitter-tolerance 
requirements (as specified in Bellcore TR-TSY-000499) for both Category | and Category II equipment (see 
Figure 6). The flat tolerance exhibited from 10 Hz to 40 kHz results from an overrange condition in the test 
equipment. Actual jitter tolerance in this range exceeded 20 UI, peak-to-peak. 
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Test setup: 
Instrument: |_HP3784A Transmit interface: XCON 75 B3ZS Receive interface: Binary TTL 
Temperature: Room Transmit clock: Standard rate DS-3 + 0 ppm Receive clock: DS-3 
Supply: 5V Transmit pattern: | PRBS 15 zero substitution 000 Receive pattern: As per transmit 
Filtering: None Receive hit threshold: 0.500 UIP 


Figure 6. DS-3 Receive Jitter-Tolerance Data 
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receive jitter tolerance (continued) 
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Figure 7. STS-1 Receive Jitter-Tolerance Data 


jitter transfer 


Typical jitter-transfer data for both the receiver and transmitter sections of the TNETS2021A is plotted in 
Figure 8. The device does not, and is not designed to, meet the TR-TSY-000499 jitter-transfer requirements 
(< 0.1 dB) for Category Il equipment (regenerators). TR-TSY-000499 does not impose requirements for 
Category | equipment of this type. Such requirements are application dependent. 


In alooped-back configuration (through the receive path and externally looped back through the transmit path), 
in the absence of applied input jitter, the amount of jitter introduced by the TNETS2020A is a maximum 0.065 Uls 
of peak-to-peak jitter over a jitter-frequency range of 20 Hz to 1 MHz (filter with high pass of 10 Hz and a low 
pass of 1.1 MHz). With applied input jitter, the maximum output jitter is the applied input jitter plus the above jitter 
introduced by the TNETS2020A. 
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jitter transfer (continued) 
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Test setup (for receive-jitter testing; transmit similar): 


Instrument: HP3784A Jitter input: 0.75 Ul-p-p Receive interface: Binary TTL 
Temperature: Room Transmit interface: XCON 75 B3ZS Receive clock: DS-3 

Supply: — 5V Transmit clock: Std rate DS-3 + 0 ppm Receive pattern: As per transmit 
Filtering: 10HZHP Transmit pattern: PRBS 15 zero substitution 000 Receive hit threshold: 0.500 UIP 


Figure 8. Typical Jitter-Transfer Data 


jitter generation 


For DS-3, Bellcore Technical Reference TR-TSY-000499, Issue 3, December 1989 specifies the maximum-jitter 
generation to be 1 UI peak-to-peak at the output of the terminal receiver for Category | equipment. 


For STS-1, Bellcore Technical Reference TR-NWT-000253, Issue 2, December 1991 specifies the 
maximum-jitter generation to be 1.5 Ul peak-to-peak maximum at the output of the terminal receiver for 
Category | equipment. | 


In alooped-back configuration (through the transmit path and externally looped back through the receive path), 
the DS-3/STS-1 jitter generation within the TNETS2020A is 0.145 UI peak-to-peak maximum for all frequencies 
specified in these two standards. 
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APPLICATION INFORMATION 


Passive Combiner 
Sine-Wave Generator ) Ch) 


Line Out 

















0 — 450 ft Line In 


DS-3/STS-1 
Digital-Transmission 
Test Set | 






TNETS2020A 






Line In 0 — 450 ft Line Out 






Figure 9. Interference-Margin Test Configuration 
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Line Side om Terminal Side 
Ferrite-Bead 10 uF 
Inductors 10/6.3 V 
. + 10 pF/6.3 V 5, 6, 25, 28, 
0.01 LF 10, 17 30, 34, 37 






_—_— 





a ™~ 
/ 0.01 uF S 
1:1 

R3 

Line Inputs 5Q | 
RPLLC1 

Tit \ Z 
wee ue RPLLC2 
See Note B TPLLC 

Testability 


Reference Clock 


Receiver Outputs 


TNETS2020A 


Transmitter Inputs 
Control Signals P 


Status/ Performance 
Monitor Signals 


WY 


1:1 


DSX ouput 3 
Tat | 


Di1 





11, 12 3, 4, 24, 29, 
33, 36, 39 





T T1 and T2 can be replaced with capacitors. 
NOTES: A. All capacitors are 0.1 uF unless otherwise specified. 
B. For differential-line inputs, replace R3 (75 Q) and capacitors with two 37.5-Q resistors and a 0.01-uF capacitor connected as 
shown. 


DI2 


Figure 10. External Connections for Operation 
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® Line- and Terminal-Side DS-3 Alarm ® Single-Chip Line Interface for DS-3 and 
Indication Signal (AIS) Insertion STS-1 Signals 

@ Full-Loopback Capability ®@ Single 5-V Power Supply 

® Coding-Violation and Excessive-Zeros @ Meets Crossconnect-Frame Mask 
Monitors Requirements 

@ Loss-of-Signal Monitor @ Adaptive Equalization of 0 to 450 Feet of 

@ On-Chip Line Buffer/Filter and Line Cable 
Build-Out Bypass @ Input Dynamic Range of 29 dB 

© Power-Down Mode (35 mV — 1 V) 

@ Packaged in 68-Pin Plastic Leaded Chip © Meets Approved DS-3/STS-1 Jitter 
Carrier (FN) Requirements 


® Selectable B3ZS Line Encoding/Decoding 


FN PACKAGE 
(TOP VIEW) 





NC — No internal connection 
description 


The advanced STS-1/DS-3 receiver/transmitter TNETS2021A performs the transmit and receive line-interface 
functions required for transmission of STS-1 (51.840 Mbit/s) and DS-3 (44.736 Mbit/s) signals across a Coaxial 
interface. The TNETS2021A operates from a single 5-V supply with a minimum number of passive external 
components. Performance monitoring, loopbacks, AIS generation, and B3ZS encoding/decoding functions are 
included. A single-chip solution is used for interfacing DS-3 or STS-1 signals to DSX or STS-X cross-connect 
frames. The TNETS2021A meets all applicable ANSI, Bellcore, and CCITT interconnection specifications for 
a wide range of system applications. 
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functional block diagram 


Line Side Terminal Side 


EYEP EYEN RPLLC1 RPLLC2 #£EXZ CV 


; Pp | 
Adaptive | 
Dit Equalizer! Clock |N . | B3ZS PRBS one 
DI2 AGC Recovery | ¢ | | Decoder Analyzer 


DLOS LOS 
ALOS Detector . ,; CLKO 
RX /O > RP/RD 
| Control RN 
os CLKO 
Loopback TRLBK 
ite Controls LNLBK 
REFCK DS-3 AIS 
| | Generator 7 
| i ae TP/TD 
TX 0 ™N 
Control - CLKI 
DOUT | | RZTXIN 
B3ZS 
DO1 Output Control fae Encoder 
DO2 
es PRBS 


TAIS TPLLC | B3ZSDIS 


p) 
> 
7) 


: 

















detailed description 


receiver functions 


The adaptive equalizer/AGC in the receiver channel is used to recover CMOS-level P- and N-rail data from the 
bipolar B3ZS-encoded input pulses. The AGC has a dynamic range of 29 dB (35 mV to 1 V). This allows the 
device to be used in applications where the input signal is attenuated beyond the level of the TR499 template 
(such as bridging repeaters or protection switches). Adaptive equalization is included to restore the integrity of 
the signal after it has been attenuated by the frequency-dependent loss due to 450 feet of coaxial cable. The 
equalized and gain-controlled differential signals can be monitored at the EYEP and EYEN terminals. 


Differential inputs DI1 and Dl2 allow optimum performance of the device in noisy environments. Alternatively, | 
single-ended operation can be used in less critical environments or where the use of a transformer is not desired 
_ (the input signal can be ac coupled through a capacitor). When the differential mode is used, the maximum 
single-ended ac input level on either input pin is 0.5 V (1 V differential). For larger input levels, a step-down — 
transformer or resistive attenuation should be used. 


The PLL-based clock-recovery circuit is used to recover a CMOS-level'clock from the equalized and sliced input 
pulses. 7 
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receiver functions (continued) 


The B3ZS decoder circuit decodes the B3ZS-encoded line-side signal and detects coding errors and excessive 
zeros in the incoming data stream. An active-high pulse is generated on the coding violation (CV) output when 
the input signal violates the B3ZS-encoding sequence. An active-low pulse is generated on the EXZ output when 
a string of three or more zeros is detected and it remains low until a one is detected. The B3ZSDIS control input 
is used to disable this function. | 


The RX |/O-control circuit multiplexes the appropriate signals to the receiver terminal-side outputs. The output 
NRZ data formats include: 


® B3ZS-decoded outputs that are recovered from the line (RP/RD contains recovered data and RN 
is held low). 


@ Encoded outputs from the clock-recovery circuit (RP/RD contains positive data and RN contains 
negative data). This mode allows an external device such as a DS-3 framer to perform the 
B3ZS-encoding and decoding functions. B3ZSDIS enables this mode. 


@ Loopback signals from the transmitter terminal-side inputs when TRLBK is low. 


e AIS format signals when RAIS is low. 
CLKO and CLKO provide true and inverted clocks for the above formats. RXDIS forces RP/RD and RN to a low 
state. The LOS-detector circuit generates outputs that indicate the presence of the line-side input signal(s). 
DLOS goes low when a string of 175 + 75 consecutive zeros occurs on the line. This output is reset when the 
detected ones density or quantity is 33% or greater for 175 + 75 pulses. ALOS goes high when the ones density 
is greater than 33% for 175+ 75 pulses and goes low when the ones density is less than 28% for 175+ 75 pulses. 
ALOS can toggle when the ones density is between 28% and 33%. 











transmitter functions 


The TX |/O-control circuit multiplexes the appropriate signals for use by the transmitter. The selectable formats 
include: 


@ Unencoded-NRZ input data (TP/TD contains data and TN must be grounded). 


@ B3ZS-encoded NRZ input data (TP/TD contains positive data and TN contains negative data). 
B3ZSDIS enables this mode. 


@ B3ZS-encoded RZ input data (TP/TD contains positive data and TN contains negative data). This mode 
is enabled by RZTXIN. 


@ Loopback signals from the B8ZS decoder when LNLBK is low. 





@ AIS format signals when TAIS is low. 
@ PRBS generator outputs when TESTO is low. 


CLKI is the input clock for the above formats. When RZTXIN is low, CLKI is ignored. 


The B3ZS-encoder circuit encodes the input NRZ data to be compliant with ANSI Specification T1.102A. The 
B3ZSDIS control input can be used to disable this circuit. B3ZSDIS must be low when RZTXIN is low. The 
output-control circuit contains the formatting circuitry required to transform the B3ZS-encoded data into pulses 
that meet the requirements for the DS-3 and STS-1 line rates. An internal line driver enables the TNETS2021A 
to drive these signals directly into the 75-Q load of the output cable. 
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transmitter functions (continued) 


DSXDIS determines which of two output types is enabled. DOUT is a single-ended output that meets the 
STS-1/DS-3 templates. An internal transversal filter is used to create this output. DO1 and DO2 are rectangular 
pulses representing level-translated versions of the input P/N digital signals. An external transformer is required 
to translate these signals to the appropriate polarity. When DSXDIS is high, DOUT is enabled. When DSXDIS 
is low, DO1/DO2 are enabled. : 


An external capacitor connected to TPLLC is required for the internal PLL, which is used to calibrate the 
transversal-filter circuit. ZERO improves the DOUT pulse shape for short cable. | 











loopbacks and AIS insertion 


The loopback-control circuit enables the input signals of the TNETS2021A to loopback on both the line and 
terminal sides of the device. When TRLBK is low, TP/TD, TN, and CLKI are directly looped back to RP/RD, TN, 
and CLKO via the RX I/O-control circuit. When LNLBK is low, DI1/DI2 are looped back to the DOUT or DO1/DO2 
outputs via the adaptive equalizer/AGC, clock-recovery, B3ZS-decoder, B3ZS-encoder, TX I/O control, and 
output-control functions. These loopbacks can be operated independently or simultaneously. 








The DS-3 AlS-generator circuit generates a DS-3 alarm indication signal (AIS) that is compliant with TR191 on 
the line or terminal sides of the device (select with TAIS or RAIS). For STS-1 operation, inputs to the device must 
contain the correct overhead required for path sectionalization (this circuit generates DS-3 format AIS only). 





testability 


The PRBS generator and PRBS analyzer provide an internal BIST function on the TNETS2021A. When TESTO 
is low, the output of the PRBS generator is driven through the TX I/O control, B83ZS-encoder, and output-control 
circuits to DOUT. This output can be looped back to the receiver DI1 or DI2 inputs via an external capacitor. A 
PRBS analyzer monitors the output of the RX |/O-control circuit. If the output signals conform to the correct 215 
pattern, BIST goes high. The PRBS analyzer always functions regardless of the state of TESTO. When a valid 
215 pattern appears at the receiver outputs, BIST goes high. Since this function sends signals through all of the 
datapath blocks in the device, it is particularly useful for screening die during a wafer test. This test must be run 
with B3ZSDIS held high. 


TEST1 enables an auxiliary terminal-side loopback primarily intended for use during device debug. Signals from 
the transmitter inputs are routed through the TX I/O control, B3ZS-encoder, clock-recovery, B3ZS-decoder, and 
RX I/O control circuits to the receiver outputs. 





input reference clock 


An input CMOS-level clock applied to REFCK is required for the TNETS2021A to operate. Typically, this is 
supplied by a local oscillator on the board. The tolerance required is +200 ppm for operation when the DS-3 AIS 
generator is not used. To generate a valid AIS pattern, a tolerance of +20 ppm is required. 
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Terminal Functions 


power supply and ground 


TERMINAL 
VO DESCRIPTION 
NAME NO. 


2, 3, 36, 
AGND 44, 50, 53, 
57,59 


4,5, 37, 
AVCC - af, ot 
4, 


GND 18, 19 
Voc 17, 26, 61 


Analog ground (0-V reference) 


Analog supply voltage, 5 V + 5% 


Digital ground (0-V reference) 


Digital supply voltage, 5 V + 5% 


DESCRIPTION 


receive interface 
Analog loss of signal. ALOS goes low when pulse density is <28% for 175+ 75 pulses and clears when 


TERMINAL 
a 
Hoo pulse density is >33% for 175 + 75 pulses. ALOS can toggle when between 28% and 33%. 
BIST 34 noo Built-in self-test. BIST goes high when a valid PRBS pattern is detected. 


















CLKO 21 a _ Clock output. CLKO is the receive clock. 
CLKO 20 nos Inverted clock output. CLKO is the inverted receive clock. 


CV 27 noo Coding violation. CV goes high when incoming data violates B3ZS code. 


Data in 1. Line-side input. For single-ended operation, DI1 or DIi2 must be ac coupled to ground via a 
capacitor. For differential operation, DI1 and Dl2 are tied directly to a transformer. 







ans 







Data in 2. Line-side input. For single-ended operation, DI2 or DI1 must be ac coupled to ground via a 
(analog) | capacitor. For differential operation, Dl1 and Dl2 are tied directly to a transformer. | 





Digital loss of signal. DLOS goes low when 175 + 75 consecutive zeros appear in the incoming data 
(CMOS) | stream and clears when pulse density is >33% for 175 + 75 pulses. 


EXZ 31 (CMOS) Excessive zeros. EXZ goes low when three or more consecutive zeros occur in the input data stream. | 


Negative eye-pattern monitor. EYEN monitors the inverted AGC and equalized output from the 
adaptive-equalizer/AGC circuit. 





(analog) 


Positive eye-pattern monitor. EYEP monitors the noninverted AGC and equalized output from the 
at adaptive-equalizer/AGC circuit. 


99 Receiver negative. RN generates negative rail data when B3ZSDIS is low and is held low when 
09 B3ZSDIS is high. 
io 6 Receiver PLL capacitor 1 and capacitor 2. Leave floating. 


RPLLC2 any 
Receiver positive/data. RP/RD generates B3ZS decoded combined data (B3ZSDIS high) or positive 


ne rail data (B3ZSDIS low). 








eres 


m m 
yonl<j]|< 
2>im/am 

vU z 

ft 

NO 

ey 
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DOUT wins | Data out. DOUT is the DSxX filtered single-ended output enabled when DSXDIS is high. 
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Terminal Functions (Continued) 


transmit interface 


TERMINAL 
DESCRIPTION 
NAME 
CLKI os Transmitter input clock 
ae Data out positive. DO1 is the rectangular positive-pulse output enabled when DSXDIS is low. 
DO2 58 Data out negative. DO2 is the rectangular ene output enabled when DSXDIS is low. 











Take Transmitter negative. TN is the input for negative-rail data when B3ZSDIS is low. TN must be tied low 
(CMOS) 





when B3ZSDIS is high. 


TPLLC Transmit PLL capacitor. TPLLC is the capacitor input for transversal-filter calibration PLL 
rey (see Figure 9). 

TP/TD Transmitter positive/data. TP/TD is the input for unencoded combined data (B3ZSDIS high) o 
Gis positive-rail data (B3ZSDIS low). 














control/reference inputs (see Note 1) 


TERMINAL | | 
DESCRIPTION . 
NAME . 
B3ZSDIS ti B3ZS codec disable. B3ZSDIS disables the internal B3ZS encoder and decoder functions. 
ee ai Transmit DSX output disable. DSXDIS disables DOUT and enables DO1/DO2. 
Line-loopback enable. LNLBK enables a loopback from DI1/DI2 to DOUT or DO1/DO2 via the 
LNLBK ae adaptive-equalizer/AGC, clock-recovery, B3ZS-decoder, B3ZS-encoder, TX 1|/O-control and 
| output-control circuits. 
RAIS Receive alarm indication signal enable. RAIS enables generation of DS-3 AIS on the receiver outputs 
| ak (see Note 1). : 
Reference clock input. REFCK is the input reference clock at the system frequency required for chip 
REFCK operation. Required tolerance is + 200 ppm when DS-3 AIS generation is not required and + 20 ppm 
ates | eS 
| when DS-3 AIS generation is required. 
RXDIS rm Receive output disable. RXDIS forces RP/RD and RN to a !ow state. 
AITXIN Transmit RZ input enable. RZTXIN goes low to accept B3ZS-encoded return-to-zero pulses on TP/TD 
a and TN. CLKI and B3ZSDIS must be tied low in this mode. 
TAIS ie Transmit AIS enable. TAIS enables generation of DS-3 AIS on the transmitter outputs (see Note Ne 
TESTO me Test in 0. TESTO enables internal elor function (PRBS generator/analyzer). 


TESTI Test in 1. TEST1 enables a ferminaleide loopback from TP/TD and TN to the receiver ape via the 
rm TX 1/O control, B3ZS-encoder, clock-recovery, B3ZS-decoder, and RX |/O-control circuits. 


TTL 
TTL 
TALBK Terminal loopback enable. TRLBK enables a loopback from the transmitter inputs to the receiver 
my outputs via the RX |/O-control circuits only. 
aie, Transmit zero cable enable. ZERO improves DOUT output mask for short cable lengths (<50 ft). 


NOTE 1: DS-3 AIS is defined as a valid M-frame with proper subframe structure. The data payload is 1011 . . . sequence starting with a 1 after 
each overhead bit. Overhead bits are: FO=0, F1=1, MO=0, M1 =1; C bits are set to 0; X bits are set to 1; and P bits are set for valid parity. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Voc (see Note 2) .... eee eee eee eee ees Spa emere Ban anh -0.3Vto7V 
INDUEVONAGS TANGO Mi. .456.0ce<ncuteiycunsattond eo.0 G8 Oia eho wae ae Reems Meare -0.3 V to Veco + 0.3 V 
Operating free-air temperature range, Ta 0... ce cece ccc eect t eee e eee ee ee eens -—40°C to 85°C 
Operating junction temperalures-T ji snceene esis eet de iweeewed l aveatwedied mies Rebate eae. 150°C 
Storage temperature r€nGe ......... ccc cece nec e tte nee e teen ene tense cesses sennas -55°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 2: All voltage values are with respect to the AGND terminals. 


recommended operating conditions 


SS EEE UNIT 
Supply voltage 4.75 5.25 
vee Analog supply voltage 4.75 5.25 


‘ er Ae CMOS 
Ign-levei INDUT VO 
i a ‘ : TTL (see Note 3) 


as 
i ows 
ci Bei FTL (seeNote3) | 0.8 
ia 
sae 














oH High-level output current 


Low-level output current 
~ Operating free-air temperature 


NOTE 3: Input pad has a 20-kQ internal pullup resistor. 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS } MIN. MAX] UNIT 
ot High-level output voltage 4-mA CMOS IOH =—4 mA Voc—0.5 
Low-level output voltage 4-mA CMOS lol =-4mA a ae 


bi sibecelicemneace |OMOS sos y a 
igh-level input cu = 5. 
aia TTL (see Notes) | °° 
OMOS 
Low-level input current Voc = 5.25 V 
TTL TTL (see Note 3) | TTL (see Note 3) | 3) 


Supply current Outputs terminated nee ne 
Power see al Inputs are switching —— 


Toa 3: Input pad has a 20-kQ internal pullup resistor. 










switching characteristics 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


CMOS CL = 15 pF 
Fall time 1.9 2.8 4.1 
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operating characteristics, C, = 15 pF max (see Note 4 and Figure 1) 


a 





Duty cycle, CLKO | | | 45% 55%] 
te(CLKO)1 Clock cycle time, CLKO, DS-3 | 7 22.353 , ee 
2 |te(cLKO)2 Clock cycle time, CLKO, STS-1 | | 19.290 | 


td(CL-RPV) _ Delay time, CLKO1 to RP valid 0.5 5 
td(CL-RDV) _ Delay time, CLKOL to RD valid —_ | 05 5] ns | 


NOTE 4: Timing parameters are measured at (VOH — VoL)/2 or (Vip — Vi_)/2 as applicable. 


¢—______—— 1, 2 __________ | 
| | 


CLKO 
(output) — . | 

RP/RD/RN 

(output) 


Figure 1. Receiver CLKO to Data Output 






operating characteristics, C_ = 15 pF max (see Note 4 and Figure 2) 


7 Fixcioyr —_Stckovetine ORGDSS—SSCSCS~C~CSCiCSC we 
(2 fcuxoye _Cockeyoetme, ORO. STSA—SSCSC~*dCSC IO 
Ts Pacrene yy Detayime COT oP vais Ow 
| : = 

3 = 










( . 
td(CH-RDV) Delay time, CLKOT to RD valid 0.75 5 
| 3 |tq(CH-RNV) _ Delay time, CLKOT to RN valid 


NOTE 4: Timing parameters are measured at (VOH — VoL)/2 or (ViIH — Vit )/2 as applicable. 


¢-—_____—_—_——— 1,2 ________»l 
| | | 


CLKO . 
(output) he: i ae 
K— 3—> 


RP/RD/RN | | 
(output) 


Figure 2. Receiver CLKO to Data Output 
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timing requirements, C; = 15 pF max (see Note 4 and Figure 3) 


Duty cycle, CLKI 
te(CLKI)1 Clock cycle time, CLKI, DS-3 


Clock cycle time, CLKI, STS-1 


Setup time, TD valid before CLKIT 
Setup time, TN valid before CLKIT 
Hold time, TP valid after CLKIT 
Hold time, TD valid after CLKIT 
th(TN) Hold time, TN valid after CLKIT 
NOTE 4: Timing parameters are measured at (VOH — VoL)/2 or (ViH — ViL_)/2 as applicable. 


l¢—__—__—___——- 1,2 —_________5 
| | 


CLKI 


a le— 4 3 —> \¢— 

















2 SR KR 















Figure 3. Transmitter-Input Timing 


operating characteristics, C, = 15 pF max (see Note 4 and Figure 4) 


CRO 
[|g Delay fom ooourenceoivotonioovvaia CTT 


T UI (unit interval) = 1/system clock frequency 

+ Pulse duration is measured at (VOH — VoL)/2. : 
§ Pulse duration is measured at VOH. 

NOTE 4: Timing parameters are measured at (VQH — Vo_)/2 or (ViH — ViL)/2 as applicable. 


2-4 
“ —f \ 
(output) 
| 
J. —1—4 


Figure 4. Coding-Violation Pulse 
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operating characteristics, C_ = 15 pF max (see Note 4 and Figure 5) 


CNOA 
[ [te datayemerromocourercecivoaiontoeM@vaia CdS 


T UI (unit interval) = 1/system clock frequency 

+ Pulse duration is measured at (VoH — VOL)/2. 

§ Pulse duration is measured at VoL. | 

NOTE 4: Timing parameters are measured at (VOH — VoL)/2 or (ViH — ViL)/2 as applicable. 


ean 
EXZ NS 
(output) 
| | | 


\¢— 2—> 


Figure 5. Excessive-Zeros Pulse 
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receiver-operation input requirements (see Note 5 and Figure 10) 


PARAMETER VALUE 
Interface cable AT&T 728A/734A coaxial (or equivalent) 


DS-3 44.736 Mbit/s + 20 ppm 
Bit rate 
STS-1 


51.840 Mbit/s + 20 ppm 


Single ended 35 mV — 1 V (relative to terminal used for dc bias) ae 
eee 35 mV — 1 V (differential amplitude between DI1 and DI2) 


DS-3 > 26 dB at 22.368 MHz with external 75-Q resistor (effect of external transformer excluded) 

STS-1 > 26 dB at 25.920 MHz with external 75-Q resistor (effect of external transformer excluded) 

No greater than either the value produced by adjacent pulses in the data stream or +10% 
of the peak pulse amplitude (whichever is greater) 


Input-jitter tolerance, DS-3 and STS-1 See Figures 6 and 7 













Input-signal amplitude 


Jitter transfer As shown in Figure 8 (typical) 


ieieearihacaianal tolerance A sinusoidal signal at one-half the system frequency whose amplitude is at a maximum level 
g°sig of —-18 dB (see Figure 9). 


Signal coupling The input signal must be ac coupled to the device via a transformer or capacitor. 


NOTE 5: A 75-Q + 5% output load is assumed in these specifications. 








receiver-operation output specifications (see Note 5 and Figure 10) 
PARAMETER VALUE 


Clock-recovery jitter peaking 1 dB max 






PRODUCT PREVIEW 


Clock-recovery PLL pull-in time < 100 us 


Sequences reported as coding violations ++, —-—, not BOV, not OOV, and three or more consecutive zeros (excessive zeros) 


NOTE 5: A 75-Q + 5% output load is assumed in these specifications. 





sa TEXAS 
_ INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-159 


MalAddd LONGOYd 


TNETS2021A : 
ADVANCED STS-1/DS-3 RECEIVER/TRANSMITTER 


SDNS018A ~ MARCH 1994 ~ REVISED OCTOBER 1994 


. a APPLICATION INFORMATION 


transmitter-operation specifications (see Note 5 and Figure 10) 


TAnpitwde ‘[atvevai0we SSS 
[Reetime _——*dw@setrs SSSCSC~—“CSCSC“—C‘“—‘“SCs‘“s~‘“‘“<“<CSCS 
[Overshootlunderhoct [<i SOCSCSCSCSCSCSCSCSC“‘“SsS“‘“‘~‘“‘“‘“s~CstSstS* 


Snir sawer Beiween= 1.8 and 5.7 dBm for an all-ones pattern measured in a 3-kHz band centered at 1/2 | 
eee the system frequency 


Between —4.7 and 3.6 dBm for an AIS signal measured through a low-pass filter with a 3-dB 
cutoff or 200 MHz with cable lengths between 225 and 450 ft 


Pulse imbalance Ratio of positive and negative pulse amplitudes: 0.9-1.10 | 


Pulse symmetry Output power at system frequency > 20 dB below the level at 1/2 the system frequency 
} Output jitter 0.1 UI maximum with jitter-free input clock on CLKI 


Pulse shape (DS-3) As defined by Figure 2 in ANS! T!.404-19xx, TIE1.2/93-004 
Pulse shape (STS-1) As defined by Figure 4.10 in TR-NWT-000253, Issue 8, October 1993 


+ 0.81 V 10% for DS-3 
+ 0.95 V +10% for STS-1 


| 0.05 Ul max with jitter-free input clock on CLKI 
As defined by Figure 2 in ANSI T1.404-19xx, TIE1.2/93-004 
As defined by Figure 4.10 in TR-TSY-000253 with 0 to 50 ft of output cable 


+ 0.67 V + 10% for DS-3, 
| +0.8 V + 10% for STS-1 


Pulse shape (DS-3) As defined by Figure 9.6 in TR-TSY-000499 
NOTE 5: A 75-Q +5% output load is assumed in'these specifications. 






















DO1/DO2 output 
characteristics 







AlS-output power 








DOUT output 
characteristics 
(ZERO high) 










Amplitude 


Output jitter 
Pulse shape (DS-3) 
| Pulse shape (STS-1) 













DOUT output 
characteristics 


(ZERO low) Amplitude 


AIS and loopback-control signal arbitration 


a eee 
ptt Norma Norma 
PN a Oe el 
pt Terminatoopback | AIS 
ee cee a ee es eo re ss oe ee NOI 
po IS ine Hoop back | 
Sr 
pf of Terminal copback {| __Normel_ 
pa Norma | Line loopback | 
Po Terminal loopback | Line loopback | 
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power-down mode 


To reduce the current required by the device when either the transmitter or receiver is not used, the folowing 
power terminals must be tied to ground: : 


@ Receiver-only operation: Ground terminals 4, 5, 54, and 55 for a supply current reduction of 
approximately 10 mA 


@ Transmitter-only operation: Ground terminals 37, 43, and 47 for a supply current reduction of 
approximately 80 mA 


jitter performance 


Preliminary tests have qualitatively characterized jitter performance of the TNETS2021A device. Typical data 
from such tests is provided below. This information is for reference only and is not intended to be used as precise 
performance parameters for these devices. 


receiver jitter tolerance 


Receiver jitter-tolerance data is plotted in Figure 6 and Figure 7. The device meets DS-3 jitter-tolerance 
requirements (as specified in Bellcore TR-TSY-000499) for both Category | and Category I! equipment (see 
Figure 6). The flat tolerance exhibited from 10 Hz to 40 kHz results from an overrange condition in the test 
equipment. Actual jitter tolerance in this range exceeded 20 UI, peak-to-peak. For STS-1, jitter-tolerance 
requirements (as specified in Bellcore TR-NWT-000253) are exceeded (see Figure 7). 


0_=— 


jw oe —fo em e elht b va 
7 


= ae mo 

FTh 7 
on ae anaes it 1/2 mall 
ee. eae Src ea ET 


Peak-to-Peak Sinusoidal 
Input Jitter Amplitude — Unit Interval 





0.1 
ae 
0.01 P= HARE EI 
10 100 1k 10k 100k 1M 
f — Frequency — Hz 
Test setup: 
Instrument: HP3784A Transmit interface: XCON 75 B3ZS Receive interface: Binary TTL 
Temperature: Room Transmit clock: Standard rate DS-3 + 0 ppm Receive clock: DS-3 
Supply: 5V Transmit pattern: | PRBS 15 zero substitution 000 Receive pattern: As per transmit 
Filtering: None Receive hit threshold: 0.500 UIP 


Figure 6. DS-3 Receiver Jitter-Tolerance Data 
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— receiver jitter tolerance (continued) 


MaIAaYd LONGOUd 


jitter 


1000 
=—aeaaer 
HH 


pt 1 Soe 
100 ct iipatay Setsheenir 


——————————————— _—}—+t 111) 
pt a Et mae 


es 
i i cos ew 
Pee one = Samm 


Seat Hi — at 
> CN 


Sate + —— pf a 


Se 
Ralicate 50 A 
ed Ha pee 
0.1 == Minimum [{ill | | UU Se et 


ey 
eee see oe Seer at ‘on ae th 


Peak-to-Peak Sinusoidal 
Input Jitter Amplitude — Unit Interval 





10 100 1k 10k 100k 1M 
f — Frequency — Hz | 


Figure 7. STS-1 Receive Jitter-Tolerance Measurement 


transfer 


Jitter-transfer data for the receiver and transmitter sections of the TNETS2021A is plotted in Figure 8. The device 
does not, and is not designed to, meet the TR-TSY-000499 jitter-transfer requirements (<0.1 dB) for 
Category !l equipment (regenerators). TR-TSY-000499 does noti IMPOSE requirements for Category | equipmen! 
of this type. Such requirements are application dependent. 


In a looped-back configuration (through the receive path and externally looped back through the transmit path), 
in the absence of applied input jitter, the amount of jitter introduced by the TNETS2021A is amaximum 0.065 Uls 
of peak-to-peak jitter over a jitter frequency range of 20 Hz to 1 MHz (filter with high pass of 10 Hz and a low 
pass of 1.1 MHz). With applied input jitter, the maximum output jitter is the applied input jitter plus the above jitter 
introduced by the TNETS2021A. 
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Transmitter 


10 100k 
f — Frequency — Hz 
Test setup (for receive-jitter testing; transmit similar): 
Instrument: |HP3784A Jitter input: 0.75-UI peak to peak Receive interface: Binary TTL 
Temperature: Room Transmit interface: XCON 75 B3ZS Receive clock: DS-3 
Supply: 5V Transmit clock: Standard rate DS-3 + 0 ppm Receive pattern: As per transmit 
Filtering: 10-Hz HP Transmit pattern: | PRBS 15 zero substitution 000 Receive hit threshold: 0.500 UIP 


jitter generation 


Figure 8. Typical Jitter-Transfer Data 


\ 


For DS-3, Bellcore Technical Reference TR-TSY-000499, Issue 3, December 1989 specifies the maximum-jitter 
generation to be 1 Ul peak-to-peak at the output of the terminal receiver for Category | Equipment. 


For STS-1, Bellcore Technical Reference TR-NWT-000253, Issue 2, December 1991 specifies the 
maximum-jitter generation to be 1.5 Ul peak-to-peak maximum at the output of the terminal receiver for 


Category | equipment. 


In a looped-back configuration (through the transmit path and externally looped back through the receive path), 
the DS-3/STS-1 jitter generation within the TNETS2021A is 0.145 UI peak-to-peak maximum for all frequencies 
specified in these two standards. 7 
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Sine-Wave Generator 


Line Out 


Passive Combiner 














0 — 450 ft Line In 





DS-3/STS-1 
Digital-Transmission 
Test Set 


TNETS2021A 











0 — 450 ft Line Out 


Figure 9. Interference-Margin Test Configuration 
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Line Side 5V Terminal Side 
) Ferrite-Bead 10 uF 
. inductors 10/6.3 V 
| + 
» 10 F/6.3 V 4, 5, 37, 43, 0.01 uF 
0.01 [WF 61, 17, 26 47, 51, 54, 55 — 
-— | 0.01 Fy 
/ 0.01 FS . 
og \ 
ee 2 Rat 
Line inputs | R3 
\ 75Q2 l49 
Tit : y, 
ee 1kQ 
See Note B 
0 hice 
me RPLLC1 NC 
Testability { 
34 RPLLC2 NC 
Reference 33 eran 
Clock 0.01 yF 
66 
25 
68 TNETS2021A 
| Receiver Outputs 
Control mld 
Signals a8 


p Transmitter Inputs 


Status/Performance 
Monitor Signals 


ye 36 Q 60 
SQR cut 3 --— 

1:1 56 
DSX Output 

T2t 7 


tT R4 and R5 are required only for monitoring purposes, not for chip operation. 
+ T1 and T2 can be replaced with capacitors. 
NOTES:A. All capacitors are 0.1 uF unless otherwise specified. 
B. For differential-line inputs, replace R3 (75 Q) and capacitors with two 37.5-Q resistors and a 0.01-y.F capacitor connected as 
shown. 


DI1 





18, 19 44, 50, 53, 57, 97.52 ¢ 0.01 pF 


59, 2, 3, 36 a 


37.5 Q 
Di2 


Figure 10. External Connections for Operation 
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® 6 312-kbit/s, 8 448-kbit/s, and 34 368-kbit/s FN PACKAGE 
Line Interface (TOP VIEW) 


® Automatic Gain Control (AGC) 
@ Line-Quality Monitor (10-6 Error Rate) 


@ Receive Loss-of-Signal and Transmit 
Loss-of-Clock Alarms 

® Optional HDB3 Encoder/Decoder VCOC []7 39 [] GND 

@ Two Loopbacks: 
— Receive to Transmit (Digital) _  DCK [j9 37 [] Voc 
— Transmit to Receive (Analog) Voc L] 10 | 36 |] GND 


® Optional Transmit and Receive 


ao 

















Alarm-Indication-Signal (AIS) Generators eee : oe lee 
© Rail or NRZ Terminal-Side I/O CURSO A114 SS TGND 
@ Meets CCITT Recommendation G.703 CLKO [115 3111 GNDAGC 
® Applications include GND [] 16 30 [J Dl2 

— Digital Cross-Connect Equipment TXSEL [] 17 29 [J Dit 

— Remote Terminals 

— Terminal Interface for Multiplexers/ soeebummaLppediapaaedeeswemevemevemmemndie 

Demultiplexers O6I6|2 w ole a arr 

- Switching Systems | ule xr Sih i tt 

— GSU/DSU = = 
@ Packaged in 44-Lead Plastic Leaded Chip 

Carrier (FN) 

description 


The TNETS2050 multirate receiver/transmitter provides the functions needed for terminating two (CCITT) line 
rates, 8 448 kbit/s and 34 368 kbit/s that are recommended by the International Telegraph and Telephone 
Consultative Committee (CCITT). It also provides a 6 312-kbit/s rate, which is specified in the Japanese NTT 
technical reference for high-speed digital-leased circuits. The device also provides an optional HDB3 
encoder/decoder for 8 448-kbit/s and 34 368-kbit/s operation. 


The device has automatic gain control (AGC). The TNETS2050 provides either a rail or nonreturn-to-zero (NRZ) 
data input/output, HDB3 error-rate monitor, alarm detection, and alarm-indication-signal (AIS) generators. 
Testing capability is provided by transmit and receive loopbacks. 


The TNETS2050 is characterized for operation over the temperature range of —40°C to 85°C. 
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functional block diagram 








Line Side. - . Terminal Side 
| GNDA RXLOS -PNENB | RXAIS 
LOW VAGC | AGFIL VCOC) PLLC , RXDIS 

















Clock + = RP/RD 
Equalization . pooonen Marmara CLKO 
Di2 petwons CLKO 
Receive | 
| Loopbackt | 
—— = ae 
[ | 
LBKTX CV Error /0 
| Transmit Detector Circults 
| Loopbackt 
| | ; | 
TRO Transmit 
Output Bites 
Driver ncoder 
= ae _ 
<—+ + . 
CLKI 
BERCK | LQLTY 
| DCK. LBKRX CV TXAIS TXLOC 


tT Dashed lines are used for loopback signals. 


detailed description 


~ Asymmetrical bipolar signal is applied to the data input DI1 on the line side, which requires an external 75-Q. 
termination. Dl2 is a dc-reference voltage output that serves as an ac ground. 


The equalization network is connected to an AGC circuit, which has a 20-dB dynamic range. The AGC has 
separate voltage and ground leads for noise immunity and uses an external capacitor as part of an AGC filter. 
The AGC output is connected to the clock-recovery function. | 


The clock-recovery circuit contains a phase-locked loop and supporting logic that generates a clock signal from 
the line signal. The signal input LOW selects the appropriate circuit in the clock-recovery function forthe operating 
frequency and provides input attenuation for the receive-line signal. The line signal is monitored for loss of signal 
and provides an alarm indication on the RXLOS output. The clock-recovery circuit requires an external input 
reference clock (DCK) at the operating frequency. DCK is also used for generating and sending a receive 
alarm-indication signal (AIS). The generation and sending of AIS for recovered data is controlled by RXAIS. 
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detailed description (continued) 


The output of the clock-recovery circuit is connected to the HDB3 decoder or the I/O circuits. When the decoder 
is enabled, indications of coding-violation errors other than the normal HDB3 zero-substitution codes are 
provided as pulses on the output signal CV. An external input clock (BERCK) is used to generate a 10-second 
sampling window for detecting a 10-6 or greater error rate. The line-quality indication is provided on the output 
signal LQLTY. 


Two terminal-side interfaces are provided, a positive- and negative-rail (RP and RN) or NRZ (D) interface. The 
selection is determined by the state placed on the input signa! PNENB. When a low is applied to PNENB, the 
HDB3 decoder and HDB3 encoder are bypassed and terminal-side I/O is a positive- and negative-rail interface. 
When a high is applied to PNENB, an NRZ (RD) interface is provided. Data is clocked out of TNETS2050 on 
negative edges of CLKO. Receive data and the clock signals are disabled and forced to the high-impedance 
state by placing a low on the receive disable input (RXDIS). For a receive positive- and negative-rail interface, 
an inverted clock output (CLKO) is also provided. 














The terminal-side interface for the transmitter can either be positive- and negative-rail (TP and TN) or NRZ (TD) 
data, depending on the state of PNENB. Data is clocked into the TNETS2050 on positive transitions of CLKI. 
The input clock is monitored for the loss of clock. When the input clock remains high or low, TXLOC is set low. 
The. TNETS2050 also provides the capability to generate and insert AIS (an all 1s signal) that is independent 
of the transmit data. A low placed on TXAIS enables the transmit AIS generator. 











Two loopbacks, transmit loopback and receive loopback, are provided. The transmit loopback connects the data 
path from the transmitter output driver to the clock-recovery circuit and disables the external receiver input. The 
transmit loopback is activated by placing a low on LBKTX. The receive loopback connects the receive-data path 
to the transmit-output circuits and disables the transmit input. The receive loopback is activated by placing a 
low on LBKRX. 


For 6-Mbit/s operation, the device should be operated in the positive- and negative-rail mode to bypass the 
HDB3 decoder/encoder. 
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‘ Terminal Functions 


_ power supply and ground 





TERMINAL 
DESCRIPTION 
NAME 
1,6, 11, 16 
30, 36, 39 Ground (0-V reference) 


GNDAGC Ground, AGC (0-V reference) 
VAGC Supply voltage, AGC. Isolate from VGc using 1N914 or 1N4148 diode. 


10, 18, 35, 


line-side I/O 


















Data in 2. The dc voltage reference for data input DI1. The TNETS2050 uses an internally generated 
voltage reference as an ac ground for the received data input. An external 0.1-yF capacitor in parallel 
with a 10-uF (6.3-V) tantalum capacitor is connected between Dl2 and ground. No other connection 
should be made to D2. 


Transmit negative out. Line-side TNO is active low. 


| Transmit positive out. Line-side TPO is active low. 





terminal-side 1/0 _ 


TERMINAL 
NAME 

| 
CLKI 38 (TL) 
CLKO 14 8 mA 
| (TTL) 

O 
CLKO 15 8 mA 
| (TTL) 


RN 12 4 mA 








DESCRIPTION 


Clock in. CLKI is the transmit-clock input for P- and N-rail and NRZ data. Transmit data is clocked into 
the TNETS2050 on the rising edge. CLKI must have a frequency tolerance of +20 ppm for the 
34 368-kbit/s operation and +30 ppm for the 6 312- or 8 448-kbit/s operation (CCITT recommendation 
G.703). The duty cycle requirement for CLKI is 50% +5% and is measured at the 1.4-V TTL threshold 
level. 















Clock out. CLKO is inverted and positive- and negative-rail data is clocked out on the rising edge. CLKO 
is disabled in the NRZ mode. 











Clock out. CLKO is not inverted and receive positive- and negative-rail and NRZ data is clocked out on 
the falling edge. | nN 










Receive negative. When PNENB is low, the HDB3 codec is bypassed and N-rail (RN) data is provided 
on RN. When PNENB is high, RN is forced to the high-impedance state. 





Receive positive/receive data. When PNENB is low, the HDB3 codec is bypassed and P-rail (RP) data 
is provided on RP/RD. When PNENB is high, NRZ data (RD) is provided. 












Transmit negative. When PNENB is low, the HDB3 codec is bypassed and transmit N-rail (TN) data is 
(TTL) | applied to TN. When PNENB is high, TN is disabled. 


Transmit positive/transmit data. When PNENB is low, the HDB3 codec is bypassed and transmit P-rail | 
(TP) data is applied to TP/TD. When PHENB is high, NRZ transmit data (TD) is applied to TP/TD. 
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Terminal Functions (Continued) 


alarm signal ex 


TERMINAL 
DESCRIPTION | 
NAME 
cA violation. CV is an active-high output. CV occurs when an HDB3 coding violation is detected in 
the received line-side data input. A coding violation is not part of the HDB3 zero-substitution code. A 
2 i ase cae 
coding violation occurs because of noise or other impairments affecting the line-side signal. CV is 
(TTL) 
disregarded in the P and N mode. 


Line quality. LQLTY represents a gross estimate of the line quality, which is determined by counting the 
coding violations for 34-Mbit/s or 8-Mbit/s operation. If the line error rate exceeds a 10-6 threshold 
2 - 
(TTL) 


during a 10-second interval for the 34-Mbit/s rate or during a 40-second interval for the 8-Mbit/s rate, 
LQLTY goes active high. LQLTY is active low when coding violations do not exceed the 10—§ threshold 
for the correct interval. LQLTY is only valid when the appropriate clock signal is applied to BERCK. 
LQLTY is disregarded in the P and N mode of operation. 


Receive loss of signal. RXLOS is an active-low output. RXLOS occurs when the input data is zero for 
2 a ne aeeets 
(TTL) 20 to 32 clock cycles. Recovery occurs when the receive signal returns. | 


Bon Se Transmitloss of clock. TXLOC is an active-low output. TXLOC alarm occurs when the CLKI remains high 
(TTL) or low for 20 to 32 clock cycles. Recovery occurs on the first input-clock transition. 








DESCRIPTION 












an error-rate clock. BERCK establishes the time base for estimating the coding-violation error rate. For 
34-Mbit/s operation, the clock frequency must be 6 kHz; for 8-Mbit/s operation, the clock frequency must 
be 1.5 KHz. BERCK should be left open for P- and N-mode operation. 


Reference clock. DCK is an operating frequency reference clock. For receive-signal clock recovery, 
+ 200-ppm frequency accuracy is adequate. If the transmit and receive AIS features are used, the 
frequency accuracy is +20 ppm for 34 368 kbit/s and +30 ppm for 8 448-kbit/s and 6 312-kbit/s 
operation. The duty cycle requirement for DCK is 50% +5% as measured at the 1.4-V (TTL) threshold 

level. 


Loopback receive. When LBKRx is low, the TNETS2050 loops back receive data as transmit data. The 
receive data is sent to the terminal side, but the transmit data input on the terminal side is disabled 
(see Note 1). 


Loopback transmit. When LBKTX is low, the TNETS2050 loops back transmit data as receive data. The 
transmit data is sent on the line side, but the receive data input on the line side is disabled (see Note 1). 

































Low frequency. When LOW is low, the TNETS2050 enables equalization- and input-attenuator settings 
for6 312-kbit/s or 8 448-kbit/s operation. LOW also controls the clock-recovery high- or pce | 
range circuit. 












P and N enable. When PNENB is low, the positive- and negative-rail interface is enabled and the HDB3 
codec is bypassed. When PNENB is high, the terminal-side |/O data is NRZ and the HDB3 codec is 
enabled. PNENB must be held low for 6-Mbit/s operation. 


PNENB 8 
( ) 
RESET eas Logic reset. RESET is enabled by TESTO high. 
Receive alarm-indication signal. When RXAIS is low, the TNETS2050 generates AIS (all-ones signal) 
for the terminal-side receive output data. The line-side receive data path is disabled. DCK provides the 
ics 
clock source required for generating AIS. 


AXDIS 24 Receive disable. When RXDIS is low, the receive side of the TNETS2050 is disabled and the RN, RP/RD, 
(C 


7 CLKO, and CLKO outputs are forced to the high-impedance state. 
NOTE 1: Simultaneously setting LBKTX and LBKRX low causes invalid outputs at the receive terminal-side and transmit line-side ports. 
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Terminal Functions (Continued) 


_ control inputs (continued) » 







TERMINAL 
ie) DESCRIPTION 
NAME 
TEST1 ns Test mode. TEST1 is enabled by TESTO high. 


Transmit AIS. When TXAIS is low, the TNETS2050 sends an AIS (all ones signal) for the line-side 
transmit output data. The terminal-side transmit data apeuu is disabled. DCK provides the clock required 


for generating AIS. 
miscellaneous 


TERMINAL | 
DESCRIPTION 
NAME NO. 


FREE 292 — Not dedicated _ | 


TESTO 44 os Test output. A high logic level enables chip-test modes. A low logic level enables normal operation. 
TXSEL 17 nos 












Transmitter select. TXSEL high selects the old transmitter, which is the default for backward 
compatibility. TXSEL is used to select between the old and new transmitter designs. 






Supply voltage range, Voc (See Note 2) 2... ccc ccc ne ee ec cece nee c cree enennenns -0.3Vto7V 
Supply vollage:range: AGG e514 us os Setus cee Va lmeae tae ee cee meses oe4 Beweees -0.5 V to 6.5 V 
Input VOlKaGe (ange; Vin scvaeces cue eas eaeds Ven epee ek Sade ee ees vee eae —0.5 V to Voc +0.5 V 
Operating free-air temperature range, Ta ........- cece eee tree eee ee eens Saateaiee —40°C to 85°C 
Operating junction temperature. lj) c.sccciancettaveume di iceresttowadinseieteaaee neta uae ees 150°C 
Storage tOMPeratule TANGS: 44 vind su sthaetaaws ner ens eehetasieues ese eye Sans ~55°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 2: All voltage values are with respect to GND. . 
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recommended operating conditions 


IN NOM MAX | UNIT 

VaGC __ Supply voltage, AGC Voc-0.5 Voc-05} Vo 
vost 2 
Tmt 2 RE 

















High-level input voltage 








Low-level input voltage 







emacMOs | SC 
2-mA TTL 
mA 





High-level output current 






8-mA CMOS 
2-mMA TTL 










Low-level output current 







24-mA TTL 





TA Operating free-air temperature 


tT Input has a 100-kQ internal pullup resistor. 


electrical characteristics over recommended ranges of operating free-air temperature and supply 
voltage (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT 
8-mA CMOS IOH =-8 mA Voc—-0.5 
2mATTL 
Voc = 4.75 V Sia 8: V 
4-mA TTL IOH =-2 mA 1 Voc—-0.5 
24-mA TTL IOH =-12 mA Voc-0.5 
@-mA CMOS io = 8 mA 
2mATTL ous? 
Voc = 4.75 V V 
[eemATTL OL =24mA 


fcmMost 
ik 
eC Oo | LEA SRR IEE I 


* AGC Supply current, AGC Wee 4.75 V 


D Power dissipation Voc = 5.25 V Ba ea, Be 
PaGc Power dissipation, AGC VAGC = 4.75 V hoe es 
aes imeem Suse 


Trt ee ee 


tT Input has a 100-kQ internal pullup resistor. 
















VOH High-level output voltage 




















VOL Low-level output voltage 

















Input current 













Input capacitance 
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switching characteristics 











METER | TEST CONDITIONS | MIN MAX| UNIT 
8-mA CMOS | —CL=25 pF — 


PARA 













amaT. id nto Cd 
famatme Sid Cd 
eemaTL CdD 
[emacwoS SSC DPC 
emaTT i wt 

: a cL a 


Rise time 


| tf Fall time 


4-mA TTL = 15 pF 
CL = 25 pF 





24-mA TTL 





timing diagrams 


Detailed timing diagrams are shown in Figures 4 through 7. All output times are measured with the following 
load capacitances: 





[_oureur__| cma | 
[ema | 16 pF 


Timing requirements are measured at (VQH — Vo_)/2 or (Vi — ViL)/2 as applicable. 
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line-side timing 


The TNETS2050 line-side timing requirements are designed so that the line-side output mask at the transformer 
output meets the wave shapes specified in CCITT recommendation G.703 for 34-Mbit/s and 8-Mbit/s operation 
and NTT technical reference for high-speed digital-leased circuit service for 6-Mbit/s operation. The pulse 
masks for each of the three modes of operation are shown in Figures 1, 2, and 3 (refer to the corresponding 
standard cited in each case for further details regarding the interface). 


| ‘ 17 ns 
(14.55 + 2.45) 
| 
ip 










8.65 ns 
(14.55 — 5.90) 


Nominal Pulse 


Nominal Pulse Amplitude (0 — 1) 


(14.55 — 2.45) 










24.5 ns 
(14.55 + 9.95) 





PRODUCT PREVIEW 


Nominal Pulse Duration (ns) 


Figure 1. Line-Side Pulse Mask at the 34 368-kbit/s Interface 
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_ line-side timing (continued) 






35 ns 


1.185 2 ae? 


Nominal Pulse Amplitude 


(59-10) 










(24-59) 


Nominal Pulse 


= 100 ns A: 
ee: emer ae 2 __(69+41) manne Tadd 
| 0.237 





id 118 ns >i 
(59 +59) 
Nominal Pulse Duration (ns) 


_ Figure 2. Line-Side Pulse Mask at the 8 448-kbit/s Interface 







Pulse Amplitude 


0 16 32 40 48 60 80 100 112 120 128 


t— Time —ns 


Nominal 
Pulse 
Shape 





144 160 


Figure 3. Line-Side Pulse Mask at the 6 312-kbit/s Interface 
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terminal-side timing 


timing requirements (see Notes 3 and 4 and Figure 4) 


a a 
 .! Duty cycle, CLKI 45% 55% Lt 
te(CLKI)1 Clock cycle time, CLKI, 34 368 kbit/s interface F 28.10 | ons 


te(CLKI)2 Clock cycle time, CLKI, 8 448 kbit/s interface 118.37 | ons | 
te(CLKI)3. -—-— Clock cycle time, CLKI, 6 312 kbit/s interface 158.43 ns 


tsu(TP/TD) Setup time, TP/TD valid before CLKIT 
th(TP/TD) Hold time, TP/TD valid after CLKIT en 


NOTES: 3. CLKi symmetry is measured at the 1.4-V threshold to assure symmetrical output waveforms. 
4. CLKI can be 6, 8, or 34 MHz. 













































nen eeennnners 1,2,3 —______» 
| | 
| | 
CLKI 
(input) ANN at 
T i 
hreshold 5 | 4 | 
ONIN 9OI™™OWO™YIO™WYIO™»PO DLV LV JVI LJYFPJA A JP[J_P”{I{YrJY7 
ER Re ED ee aD 







Figure 4. Terminal-Side NRZ Transmit Input 


operating characteristics (see Notes 5 and 6 and Figure 5) 


a ee 
Cavers OSS 
| 

te(CLKO)3 Clock cycle time, CLKO, 6 312 kbit/s interface 


td(RP/RD) Delay time from CLKOJ to RP/RD valid | -5 | ons 
Delay time from CLKOL to CVT | -5 Bons 


NOTES: 5. CLKO can be 6, 8, or 34 MHz. 
6. CLKO symmetry is measured at the 50% amplitude level. 


ee 


CLKO | | 
(output) 50% 50% 










































































V4\/4 AIA 4A AA4 44 A444 \VAVSVA 44 LAI AASV 44 V4 V4 44 V4 VA 4744 4 37 A 44 47 
RPIRD RA LETTER 
(Output) XR RAI NK RK KKK KKK KKK KOI KKK KKK KK KKK KKK ON 










































































CV 
(output) 


Figure 5. Terminal-Side NRZ Receive Output 
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terminal-side timing (continued) | 


timing requirements (see Notes 3 and 4 and Figure 6) 


ae Duty cycle, CLKO | 
| 1 [te(CLKI)1 Clock cycle time, CLKI, 34 368 kbit/s interface | 












2 |tc(CLKI)2 Clock cycle time, CLKI, 8 448 kbit/s interface 118.37 ns 
3 | te(CLKI)3 Clock cycle time, CLKI, 6 312 kbit/s interface | 158.43 
tsu(TP) Setup time, TP valid before CLKIT Re 


= ee 

tsu(TD) Setup time, TD valid before CLKIT ae ar ee ee 
tsu(TN) Setup time, TN valid before CLKIT fF 8s 
! a es £8 







th(TP) Hold time, TP valid after CLKIT 
th(TD) Hold time, TD valid after CLKIT oe 
th(TN) Hold time, TN valid after CLKIT 


NOTES: 3. CLKI symmetry is measured at the 1.4-V threshold to ensure symmetrical output waveforms. 
4. CLKI can be 6, 8, or 34 MHz. , 





CLKI 
(input) 













1: oh! eels. Cane ea ACen cee Aigeer ene ten ee ney eae me Eon, eens Mian yon pees pee teen 
Threshold 





































































































TPTD LOO OBO 
: 2,6, 0,0, 0,0, 0, 0,0, 0,0, 0,0, 0,0, QOD QOOOOOOOK DKK EKA?Y 
“finpur RRKSroseoeosererosenesey Sees aeatehctatehctatotctatates 
a.) 
TN LORORRO ON EXEXEKONO ON 
(input) YESH OOOOooOogoy Br 




























Figure 6. Terminal-Side P- and N-Rail Transmit Input 
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operating characteristics (see Notes 5 and 6 and Figure 7) 


ee a Ce ae 
7 [egixoy Goo oni tne, LKO, Sa ME MWARietece 
2 PeteuKoy Gist eye tine, OKO, 6448 Risener oe 

: | = 












M 
T= ac-now Peay tnetem KOT wRDVeR——SSCSC~dC SC 
td(CL-RNV) Delay time from CLKOJ to RN valid | -6 os 


NOTES: 5. CLKO can be 6, 8, or 34 MHz. 
6. CLKO symmetry is measured at the 50% amplitude level. 


¢g——___- 1, 2, 3 ______» 
CLKO 
(output) 
CLKO | 
(output) | 

















































RPIRD KS SOSA 525 2505525050525 050525052555 A 555.55 55555050505 
(output) “SSR RRRESSPRRRR ROGIER RRO 
PN KO E525 5552505050505 SSS 





2 . 
(output) XR RRR RRS KREG 


Figure 7. Terminal-Side P- and N-Rail Receive Output 
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PRINCIPLES OF OPERATION 


power supply 


The TNETS2050 has separate power-supply terminals labeled Voc and VAGC. The VAGC supply voltage is 

_ connected to the internal AGC amplifier and requires isolation from the Voc supply voltage as indicated in 
Figure 8. Separate bypass networks are used for connecting Voc and VAGC to 5 V. The bypass network for the 
VAGC consists of an IN4148 or IN914 diode and a 10-yF (6.3-V) tantalum capacitor connected in parallel with 
a 0.1-yF capacitor as shown in Figure 8. The 0.1-yF decoupling capacitors should be of radio-frequency quality 
and connected adjacent to the device. . 


10 pF * IN914 or IN4148 
6.3V 


Ferrite Bead 
FairRite 
2743002111 
31 


N 


‘| 


TNETS2050 


10 uF * 
6.3V 





All capacitors are 0.1 uF unless otherwise specified. 


| Figure 8. TNETS2050 Supply-Voltage Connections 
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PRINCIPLES OF OPERATION 


overview 


line-side input impedance 


The TNETS2050 line-side input impedance depends on the state of the LOW input and the value of the operating 
rate. Table 1 lists the input impedance of the TNETS2050 at the operating line rates, which are 1/2 the value 
of the bit rates. 


Table 1. TNETS2050 Input Impedance 


MINIMUM INPUT IMPEDANCE 
CONDITION (OHMS) 


LOW = 1, Line-side rate = 17 184 kbit/s 1260 
LOW = 0, Line-side rate = 4 224 kbit/s 2390 







LOW = 0, Line-side rate = 3 156 kbit/s 3670 | 


line-side input sensitivity 
The TNETS2050 input-voltage sensitivity depends on the state of the LOW input as shown in Table 2. 


Table 2. TNETS2050 Input Sensitivity 


INPUT SENSITIVITY 
LOW INPUT STATE (PEAK VOLTS) 
27 
(6 and 8 Mbit/s) 
' 1.1 
line-side input circuit 


Figure 9 illustrates the components required for operating the TNETS2050 at 34 368, 8 448, or 6 312 kbit/s. 
The transformer should have a frequency response of 0.2 to 80 MHz with an insertion loss of 1 dB maximum. 
A Coilcraft transformer (part no. WB-1010 or equivalent) is used in the circuit. This gives return-loss and 
isolation-voltage values that meet or exceed requirements. 





Receive 
Data 
Input 





Figure 9. Line-Side Input Circuit 


line-side output characteristics 


The TNETS2050 line-side output switches from rail to rail on both TPO and TNO. This provides the maximum 
voltage swing and makes the output voltage depend on the 5-V power-supply input to the device. The external 
circuit must be designed to ensure that amplitude requirements are met. | 
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PRINCIPLES OF OPERATION 


line-side output circuits 


Figure 10 illustrates the output circuit required for operating the TNETS2050 for a 34 368-kbit/s application. The 
transformer and resistors shown ensure that the output waveform meets the CCITT mask for 34 368-kbit/s 
transmission and that the device is operated within the current limits of the TTL 24-mA outputs. The transformer 
should have a frequency response of 0.1—100 MHz with an insertion loss of 1dB maximum. 


150 Q 


Transmit 
Data ) — ™N p rneretss 
Output 


Figure 10. Line-Side Output Circuit (34 368 kbit/s) 


Figure 11 shows a variation of the circuit in Figure 10. This circuit improves performance in applications where 
a plastic device is mounted in a socket. The additional low-pass filter compensates for possible overshoot 
caused by inductance created by the device/socket interface. The transformer should have a frequency 
response of 0.1—100 MHz with an insertion loss of 1 dB maximum. 


100 Q 75 Q 


Transmit | 
Data TNETS2050 
Output pa 





ai 18 pF 


Figure 11. Line-Side Output Circuit (84 368 kbit/s) 


line-side output circuits 


The peak voltage and current output requirements for 6312 and 8448 kbit/s operation are different from those 
required for 34 368-kbit/s operation. Figure 12 illustrates the output circuit required for 6 312-kbit/s and 
8 448-kbit/s operation. The transformer should have a frequency response of 0.01—50 MHz with an insertion 
loss of 1 dB maximum. The transformer, drivers, and resistors ensure that the output waveform meets the CCITT 
masks for these rates and that the TNETS2050 device is operated within the current limits of the TTL 24-mA 





outputs. 
ACT11034 
Gimeeieaacar | 
1:1 R1 | 
Transmit 
Data TNETS2050 
Output 


For 8 448-kbit/s operation: R1 and R2 = 27 Q 
For 6 312-kbit/s operation: R1 and R2 = 36 Q 


Figure 12. Line-Side Output Circuit (8 448 and 6 312 kbit/s) 
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APPLICATION INFORMATION 


jitter tolerance 


CCITT recommendation G.823 specifies that network equipment must be able to accommodate and tolerate 
levels of jitter up to certain specified limits. The TNETS2050 accommodates and tolerates more input jitter than 
the level of input jitter specified by the CCITT. 


With input jitter applied to the TNETS2050 line-side receive input DI1, the TNETS2050 properly recovers the 
clock, decodes the HDB3, and outputs error-free NRZ data beyond the CCITT-specified jitter input and 
frequency ranges. Performance characteristics are shown in Figure 13 for 34.368-Mbit/s operation and in 
Figure 14 for 8.448-Mbit/s operation. 










c= See ee Saati Ho il pt 
Ta = 25°C 1 ae UF Nt an = Se 2211 ae a 
Il CC 










ep Sei ee ee eee 
RE ee ae oe Measured ait 

a SO 1 ee ok pea 11 See a a Be i 

Seema TV 









aie aa tty 4 ae Ve See A Be 
=e 7 NS ae oes os 
EEE tN 


ae Por Gor Gaza Limi [ee 












Hts ss a a 
EEE 


ET OO SS EE OS SS KS SS TE ES SS A NS A A A A oo SA 4 SN SOARS SED SOUR) GEMS CLEA OD me 












FU A Se OS Oe SD NE GED OOS ee SE RO NS SS A NS SS SS SS RS SS NES RTS SE GD Ee US WS SRY SATS RED GREE SARE HOEY GD CR SS ST ED SS NT GY GSE SG Oe OE 


=e ee Minimum SSE: 
ee maaelil an 

Pa al 2 1S eB TTT Requirement 
EF bn 


1 10 100 1k 10k 100k 1M 
f - Frequency — Hz 





Peak-to-Peak Sinusoidal 
Input Jitter Amplitude — Unit Interval 





Figure 13. TNETS2050 Jitter Tolerance (Worst Case) at 34.368 Mbit/s 
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APPLICATION INFORMATION 
jitter tolerance (continued) | 


1000 2 EE Ss 
= Ht us Se GO Ge Gn OS tho 



















= ee 
Tr} Measured 2 Oh oor 






oT) eee eee nee ee eee ee ee cee ee ee eee 


SS ass oS SS oe aes nae Sales aes mI —+ —-—-} + 
Es ee Se a a OSD OS BE ee Ss ee mee 
a SAGA Ml 1 Stith Pa 


tt Acceptable Range aaa en el 
OR OO 0 0 OS SO lh 










= eee PerCcill G.623 Limit Se Sean 


Ld hed elf easeeeneeeernenmere Se ee 1 ad ae “Sees 
a ee a Soe Ae Oe SSRN RD ee eee a 
So So 2 ee ee me HE 


SS 
CCCI OCTETS 


eS ——— — 


= SS a Minimum EHH 
RE 2 A SE St mann a 
PE Fe ES 101 SE a Requirement EMER E 
CE CCE CI yet 
1 10 . 100 1k | 10k 100k 1M 
f — Frequency — Hz 


Peak-to-Peak Sinusoidal 
Input Jitter Amplitude — Unit interval 


Baill ale 





Figure 14. TNETS2050 Jitter Tolerance (Worst Case) at 8.448 Mbit/s 


maximum output jitter in absence of input jitter 


CCITT recommendation G.823 specifies that it is necessary to restrict the amount of jitter generated by 
individual equipment. Actual limits depend on the type of equipment and application. 


In the absence of applied jitter, the receive path of the TNETS2050 introduces a maximum of 0.05 unit intervals 
(Uls) peak-to-peak sinusoidal jitter over the following frequency ranges: 


At 8.448 Mbit/s: 20 Hz to 400 kHz 
At 34.368 Mbit/s: 100 Hz to 800 kHz 


This operation is with the TNETS2050 terminated by the external components and component values specified 
in the terminal functions table for VCOC. 


jitter transfer 


Transfer of jitter through the individual equipment is characterized by the relationship between the applied input 
jitter and the resulting output jitter as a function of frequency. CCITT recommendation G.823 specifies that it is 
important to restrict jitter gain. 


With applied input jitter at the TNETS2050 receive terminals, the maximum output jitter is no greater than the 
level of input jitter plus 0.05-Ul peak-to-peak sinusoidal jitter. 


This operation is over the same CCITT specified frequency ranges and external terminations as described in 
the maximum output jitter section. 
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APPLICATION INFORMATION 


interfering-tone tolerance 


The TNETS2050 recovers the clock and presents error-free output to the receive terminal-side interface in the 
presence of a pseudorandom binary-sequence (PRBS) interfering tone. The PRBS interfering tone has the 
same data sequence as the data input for the line rates in Table 3. 


Table 3. Interfering-Tone Tolerance 


TORE RATE MAXIMA TONE LEVEL 
[asa | eas0xi00pm | 4 Sid 
[sae | sare 10pm | sid 
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@ Member of the Texas Instruments Digital ®@ Provides User-Selectable Options for: 
Communication Series of Standard DS-3 ~— Signal Scrambling/Descrambling 
and SONET Devices — B1 Parity Calculation 

@ Transmits and Receives at the ® Provides Loss-of-Signal (LOS), Loss-of- 
STS-3/STM-1 Rate of 155.52 Mbit/s Frame (LOF), and Receive Frame-Error 

® Converts 155.52-Mbit/s Data and Clock to (RFE) Flags for 155.52-Mbit/s Data 
Byte/Nibble Data and Clock ® Packaged in 84-Pin Plastic Leaded Chip 

® Provides Pseudo-ECL (PECL) Levels for Carrier (PLCC) Using 50-mil Center-to- 
155.52-Mbit/s Data and Clock Center Spacings 


® Detects the Frame of the Incoming Signal 
and Transmits a Frame-indication Signal 





FN PACKAGE 
(TOP VIEW) 
uw +i OA ike. Tt oe. 

9220980 GIG 9 882 3 892 382 

Or wrwodsa2taomourranktatktankankadk 

ee ee eee ee ee en ee ee ee ee ee ee ere eee 

987654321 

GND/} 12 . 741)NC 
Vecl] 13 73[] PGND 





RXBDO|] 14 72||}PVcc 
RXBD1|} 15 71 |] HSCKC 
RXBD2|] 16 70{| PGND 
RXBD3{] 17 69 | |] HSCKT 
GND{] 18 681] PVcc 
RXBD4[] 19 67{| NC 
RXBD5[] 20 66 | | PGND 
RXBD6|} 21 651] PVcc_ 
RXBD7[] 22 64] | TXSDC 
Voc[] 23 63[] NC 
RXBC|] 24 62] | NC 
GND[] 25 61[] TXSDT 
RXF[] 26 601] PVcc 
OOF []} 27 59 | | PGND 
LOF| | 28 58 | | NC 
Veco] 29 571] NC 
LOS|]} 30 56]| | NC 


NC — No internal connection 
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functional block diagram 










| FLB OOFN MODE | 
RXSDT 8 axon) Byte! 
. Nibble 
RXSDC a 
| i RXBC Output 
155 Or ati RXSCT PECLICMOS a | p 
aie Converters ode/ RXRF 
nput | RXSCC 
wes 5 LOS, RFE, 
HSCKC LOF, OOF, 


BiERR 


HM BSCRM 
az NIB 


HS - RESET 
ewe YY 


~ | Clock 8 Byte/ 
TXBDn |_ Nibble 
TX 
Transmit _ TXF 








oo 
Facility Terminal 
HSCK Loopback| | Loopbackt 







; | 
| 
<«- | 
















CMOS/ PECL Parallel/ 









PECL | TXSDT 
155,52-Mbit/s | Drivers Serial Mode 
Output | TxSDC Converter | pata a | 
TXRF Reference 
Clock Clock and 
TXRC Frame 
TLB TPINV 


t Dashed lines are used for loopback signals. 


description 


The TNETS2301C provides a complete frame-synchronization function for a STS-3/STM-1 line interface. The 
device frame aligns the incoming 155.52-Mbit/s serial-data stream and converts it to a byte or nibble data output. 
A byte or nibble clock output is also provided along with a frame-indication signal. In the transmit direction, the 
TNETS2301C accepts byte or nibble data and clock and outputs a 155.52-Mbit/s serial-data stream. The device 
can be programmed to provide signal descrambling/scrambling and B1 byte parity checking/generation. The 
TNETS2301C also monitors the incoming serial data and provides a loss-of-signal (LOS) indicator. In addition, 
loopback of both the facility serial line input and the terminal byte/nibble input is provided. 


The TNETS2301C provides two modes of frame synchronization: tracking or nontracking. When the tracking 
mode is activated, the device finds the frame of the incoming signal and monitors the signal continuously for 
frame-alignment errors. In this operating mode, outputs are provided to indicate a receive frame error (RFE), 
out-of-frame error (OOF), or loss-of-frame error (LOF). If the nontracking mode is activated, the device finds 
the frame of the incoming signal but no subsequent monitoring of the signal is provided. In this mode, the RFE, 
OOF, and LOF outputs are deactivated. 


The serial data and clock inputs and outputs operate at PECL levels (ECL levels referenced to 5 V instead of | 
0 V). Of the remaining I/O signals, the inputs are TTL compatible and the outputs are CMOS. The TNETS2301C 
is specified for operation over a temperature range of —40°C to 85°C. 
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serial data input to byte/nibble output 


The serial inputs to the TNETS2301C consist of a 155.52-Mbit/s data stream and a corresponding 155.52-MHz 
clock signal from an optical-to-electrical converter, clock-recovery circuit, or similar function. Both the serial data 
and clock inputs operate at differential PECL levels. The serial data is clocked into the device on a positive 
transition of the clock signal. A serial search for the framing bytes (A1, A2) is performed on the incoming data 
in accordance with the selected frame-synchronization mode. If the tracking mode is selected (MODE = low), 
the device continues to monitor the incoming data stream after the frame has been established and the LOF, 
OOF, and RFE indicators are enabled. If the nontracking mode is selected (MODE = high), the incoming data 
is not monitored after the frame has been found and the LOF, OOF, and RFE indicators are disabled. 


If the tracking mode is selected and an out-of-frame (OOF) condition exists, the TNETS2301C initiates a search 
for the framing pattern. The framing pattern is defined in ANSI standards and CCITT recommendations as six 
bytes (F6, F6, F6, 28, 28, 28) for an STS-3/STM-1 signal. These bytes occupy the A1 and A2 byte positions in 
the SONET/SDH frame. Once the frame has been found, the serial data is converted to parallel data and output 
in either nibble or byte format depending on the state of the nibble (NIB) input. If NIB is high, the data is output 
in nibble format along with a 38.88-MHz clock. If NIB is low, the data is output in byte format along with a 
19.44-MHz clock. The device also provides a framing pulse output (RXF) that goes high when the third A2 byte 
appears on the data output. 


When tracking mode is selected, the RFE, LOF, and OOF indicators are enabled. RFE is synchronous with the 
third A2 byte and becomes active high when a framing bit error is detected. The signal is active for one clock 
cycle when byte format is selected and two clock cycles when nibble format is selected. If four consecutive 
frames have framing errors, OOF goes high. This output remains high for at least two frames. If OOF remains 
high for 24 frames, LOF goes high. LOF remains high until eight consecutive error-free frames are received. 
When an out-of-frame condition occurs (OOF goes high), the device begins a new search for the framing 
pattern. The device also begins a new search for the framing pattern if OOFN is taken low for two RXBC clock 
cycles. 


The TNETS2301C provides signal scrambling/descrambling and B1 parity checking/generation if the tracking 
mode is selected. When BSCR\M is high, signal scrambling/descrambling and B1 parity checking/generation 
are both enabled and all the bytes after the third C1 byte are scrambled. The B1 parity errors are indicated with 
B1ERR. A positive output pulse is sent out for each bit of the B1 byte in error. The pulses are clocked out with 
the RXBC receive clock, and each pulse is one-byte clock period long. There can be up to eight pulses on the 
B1ERR lead in a given frame. The ordering of the bit-error pulses is from bit 7 to bit 0. For example, if the pulses 
out of B1ERR form the sequence 01000100, errors are detected in bit 6 and bit 2 of the B1 byte. 


The data and clock outputs of the TNETS2301C can be selected to follow either a nibble or byte format when - 
the tracking mode is enabled. If the nibble mode is selected (NIB is high), the clock output frequency is 
38.88 MHz and the data byte is output as two nibbles on RXBD3—RXBDO. The most significant nibble is 
transmitted first with the most significant bit of the data-byte output on RXBD3. The least significant bit of the 
data byte is transmitted on RXBDO of the second nibble. If the byte mode is selected (NIB is low), the clock output 
frequency is 19.44 MHz and the most significant bit is output on RXBD7. 


When the nontracking mode is selected, the TNETS2301C begins a search for the framing pattern when OOFN 
is taken low for two RXBC clock periods. The RXBDn output data is set to zero on the rising edge of OOFN. Valid 
data is transmitted after the framing pattern is detected. The RFE, OOF, and LOF alarm indicators are disabled 
when the nontracking mode is selected. In addition, the scrambler/descrambler is disabled, and the data can | 
be output only in byte format. : 


The serial input data can be looped to the serial data output (facility loopback) independent of whether tracking 
mode or nontracking mode is selected. To implementa facility loopback, the facility loopback (FLB) input is taken 
high. The received data is passed to the terminal side and looped back to the serial output. The terminal transmit 
data is blocked by the looped signal and ignored. 
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byte/nibble data input to serial data output 


Nibble or byte data is clocked into the TNETS2301C on negative transitions of the data input clock (TXBC). If 
nibble mode is selected, the data is input using the TXBD3—TXBDO inputs with TXBD3 being the most 
significant bit. If byte mode is selected, the data is input using the TXBD7-—TXBDO inputs with TXBD7 being the 
most significant bit. For a given byte, the most significant bit is transmitted first on the serial data output. If the 
scrambling and B1 parity generation functions are to be performed by the TNETS2301C, a framing pulse (TXF) 
identifying the location of the third A2 byte in the incoming data is required. To facilitate the generation of TXBC 
and TXF, the TNETS2301C provides a reference byte or nibble clock (TXRC) and a reference frame (TXRF) © 
output that are generated from the 155.52-MHz clock inputs (HSCKT and HSCKC). TXRF is active low, has a 
nominal width of 51.44 ns, and occurs at the frame rate of 8 kHz. TXRC occurs ata rate of 19.44 MHz or 38. 88 
MHz depending upon the state of the NIB input. 


The byte/nibble input data is looped back to the byte/nibble output data if the terminal loopback (TLB) input is 
high. When TLB is selected, the byte/nibble input data is passed to the line-side serial data output and looped 
back to the terminal-side output. The received line data is blocked by the looped signal and ignored. The 
byte/nibble input data is scrambled and the B1 parity byte is generated if the BSCRM input is high. If BSCRM 
is low, these functions are bypassed. The byte/nibble input data is converted to serial format for output via the 
serial output clock (TXSC). 





Terminal Functions 


TERMINAL 
DESCRIPTION 
NAME | 


B1 generation/checking and scramble/descramble. When BSCRM is high, the TNETS2301C 
provides B1 checking and descrambling of the receive incoming data and B1 generation and 
scrambling of the transmit output data. To generate B1 errors for test purposes, the value for B1 
calculated for the transmit frame is exclusive ORed with the value of B1 received on the transmit 
terminal-side input. To ensure that the correct value for B1 is transmitted for normal operation, the 
value for B1 received on the transmit terminal-side input must be 00 (hex). To disable B1 
generation/checking and scrambling/descrambling by this device, BSCRM is taken low. 





















B1 parity-error indication. A positive-pulse error indication is provided for each B1 bit parity error, 
up to a maximum of eight error indications. Each error indication is one clock-cycle wide in the byte 


BIERR 4 anos) 
mode and two clock-cycles wide in the nibble mode. 
Facility loopback. When FLB is high, the serial input data is looped backed to the serial output. 
The received serial data is also passed to the terminal-side output. The facility and terminal 
ait 
loopbacks cannot be used at the same time. This produces erroneous results. 
65450) Vy. te; 
18, 25, 43, 46, 53 = Ground (0-V reference) 
| HSCKC ee High-speed clock complement. HSCKC is used with HSCKT to provide a differential input clock. 


4 jwscer oe jwscer oe PRS speed clock true. HSCKT is used in conjunction with HSCKC to provide the 155.52-MHz 
oe 


reference and transmit clock. 
O 
LOS 30 (TTL) © 






















Loss of frame. LOF goes high when an out-of-frame (OOF) condition persists for three 
milliseconds (24 frames) or longer. LOF goes low when eight error-free framing patterns are 
detected after the OOF state is exited. This indication is valid only when MODE is low (tracking 
mode). 









Loss of signal. LOS goes-high when the incoming receive data signal stays high or low for 100 pus 
(or greater) or if the incoming receive clock stays high or low for one microsecond +750 ns. LOS 
goes low when two consecutive error-free framing patterns are detected and a loss of the second 

condition is not detected between the framing patterns. 
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Terminal Functions (Continued) 


TERMINAL 
V0 DESCRIPTION 
NAME NO. 


MODE selects either the tracking or the nontracking mode of operation for the receive side. When 
MODE 6 (TTL) 





MODE is low, the device operates in the tracking mode. In this mode of operation, the device 
searches for and tracks frame alignment. The framing pulse output RXF is held low when out of 
frame occurs while byte or nibble data is provided. When MODE is high, the device enters the 
nontracking mode and frame alignment is declared valid on the first indication of the framing | 
pattern (not the second). If external circuitry finds that an invalid framing pattern has occurred, 
MODE sends a iow signal to OOFN to reinitiate the frame search. 














96, 57, 58, 62, No connection 
a a 67, 74 


Poa eee control. If NIB is high, the terminal interface is nibble wide; if NIB is low, the terminal 





interface is byte wide. 






Out of frame. OOF goes high when errors are detected in the three A2 bytes of four consecutive 
framing patterns (when A2A2A2 # 282828 while in frame alignment). OOF goes low when two 
error-free consecutive framing patterns are detected (when A1A1A1A2A2A2 = F6EF6F6282828). 






























aa 
(owos 
This indication is valid only when MODE is low (tracking mode). 
55, 60, 65, 68, 9 
PVCC 72, 76, 80, 84 os PECL supply voltage, 5 V + 5% 
— | The device is reset when RESET is held low for a minimum of 105 ns. The device should be reset 
RESET 49 
(CMOS) 
the device is not in an out-of-frame state. When present, the indication occurs at the start of the 
third A2 framing byte in the framing pattern in the receive-side data. This indication is valid only 
RXBD7- 29-19, 17-14 | Receive data. RXBD7—RXBDO is the terminal-side output data, either byte or nibble wide that 
RXBDO cos depends on the state of NIB. Receive data is still provided when OOF occurs. 
RXSCC 83 eee Receive serial clock complement. RXSCC is used with RXSCT to provide a differential clock input. 
| Receive serial clock true. RXSCT is used with RXSCC to provide a differential clock input that 
RXSCT 81 ; 
— accompanies the serial data input. 
Terminal loopback. When TLB is high, the transmit terminal input is looped back to the receive 
terminal output. The transmit terminal input data is also sent to the transmit serial output. The 
aa facility and terminal loopbacks cannot be activated at the same time. This produces erroneous 
results. | 
ag TEXAS 


Out-of-frame negative. A low-level signal on OOFN for two RXBC clock periods starts a new frame 
OOFN 3 (CMOS) search. RESET and OOFN should be applied after a mode change occurs. OOFN must occur 
either at the same time as the RESET or after the RESET becomes inactive. 
after power is applied or the state of BSCRM, MODE, or NIB is changed. 
O 
RFE | 31 (CMOS) . 
when MODE is low (tracking mode). 
Receive frame. RXF provides a positive pulse in synchronization with the third A2 byte of the 
Pee SONET/SDH frame. When OOF occurs, RXF is held low. 
Receive serial data input complement. RXSDC is used with RXSDT to provide a differential data 
RXSDC 
mec input. 
INSTRUMENTS 


54, 59, 66, 70, 73, : 
PGND 75, 78, 82 —_ PECL ground (0-V reference) 
Receive framing error. RFE goes high when any bit in the receive-framing pattern is in error and 
RXBC Receive clock. RXBC outputs the data from the TNETS2301C on the falling edge of this signal. 
cues The clock frequency is either 19.44 MHz (byte clock) or 38.88 MHz (nibble clock). 
RXRF 9 Receive reference frame. RXFF is an 8-kHz output derived from the differential input serial clock 
a RXSC. RXRFF is one clock-cycle wide. 
RXSDT PE CL) Receive serial data input true. RXSDT is used with RXSDC to provide a differential data input. 
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Terminal Functions (Continued) 


. TERMINAL | 
Ne) DESCRIPTION — 
NAME NO. | 


Transmit path invert. When TPINV is low, TXRF is active low and clocked out on the rising edge 
of TXRC. In addition, TXF is active low and clocked into the TNETS2301C, along with TXBDn, 
on the falling edge of TXBC. When TPINV is high, TXRF becomes an active-high output that is 
clocked out on the falling edge of TXRC. Also, TXF becomes an active-high input that is clocked 

into the TNETS2301C, along with TXBDn, on the rising edge of TXBC. 


Transmit byte/nibble clock. The clock rate is either 19.44 MHz (byte data) or 38.88 MHz (nibble 
data). The data on TXBDn is clocked into the TNETS2301C on the falling edge of TXBC when 
TPINV is low and on the rising edge when TPINV is high. ; 

Transmit data. TXBD7 — TXBDO0 is the terminal-side input data (either byte or nibble wide). TXBD7 
is the most significant bit for byte-wide input. TXBD3 is the most significant bit for nibble-wide 
input. 















Pall 
(TTL) 


TXBC 44 CMOS) 
CMOS) 
TXF 
ae 
C 









































Transmit frame. TXF is synchronous with the third A2 byte of the terminal-side input and is 
required to perform signal scrambling. TXF is active low when TPINV is low and active high when 
TPINV is high. 


Transmit reference clock. TXRC is a clock occurring at the rate of 19.44 MHz or 38.88 MHz 
depending on the state of NIB. TXRF is clocked out on the positive transition of TXRC when TPINV 
is low and on the negative transition of TXRC when TPINV is high. 


( 
( 


4 

| 

50 

. O 
TXRC 47 (CMOS) 
TXRE 30 O | Transmit reference frame. TXRF is a one-byte clock-wide pulse occurring at the frame rate of 
(CMOS) | 8 kHz. TXRF is active low when TPINV is low and active high when TPINV is high. 

64 O 
61 ° 
















TXSDC (PECL) Transmit serial data output complement. TXSDC has an inverted PECL data output. 
TXSDT (PECL) Transmit serial data output true. TXSDT has a noninverted PECL data output. 
1, 13, 23, 29 | a : 
VC 34. 45 48 —_ Supply voltage, 5 V + 5% | 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Supply voltage range, Voc (See Note 1)... 6. eect eee eee e eect teen eeees -O0.5Vto7V 
Supply voltage range,’ PVeG, PECL. Jc:sss.Geewis- tis ehiae dence es Godt ide iwavtuw iiwok es -0.5Vto7V 
INU VOAGetTaNndes WIL, <psaecnll ones acide cue lentes heya wheeeteme neu ts Westie savas -1.2Vto7V 

PECL inetarieccacnies can pase au dee ae eas det S ened bees OV toPVcc 
Input/output Clamp Current range .. 1... eee cee eee eee e nee teen tenes —50 mA to 50 mA 
Operating free-air temperature range, Ta... 1. ee eee ccc ce cnet eee e tence eee rees —40°C to 85°C 
Storage temperature rANgGe .... 1... ccc cece eee teen eee tet eee eeeneeeeeeens —65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to the GND terminals. 
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recommended operating conditions 











MIN MAX UNIT 
Vcc Supply voltage 4.75 5.25 V 
PVcc Supply voltage, PECL 4.75 = 5.25 | 
Vv 
VIH High-level input voltage =) 
PEGL (see Note 2) 
rae Voo= 475 V 
VIH High-level input voltage, CMOS V 
Voc = 5.25 V 
| Voo=475V 
VIL Low-level input voltage, CMOS V 
Voc = 525 
re 
VIL Low-level input voltage es 
PEOL (eee Note 2) 
TA Operating free-air temperature 


NOTE 2: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for 
logic-level voltages only. 




















electrical characteristics over recommended ranges of operating free-air temperature and supply 
voltage (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX] UNIT 
Vik _ Input clamp voltage, TTL | Voc = 4.75 V, lik =-18 mA V 
CMOS. | Vcc =4.75V, loH=-4 mA V 














VOH High-level output voltage 






TTL Voc = 4.75 V, lOH =—~2 mA 
PECL |PVcc=5V loH=-224mA | 448 | 
Tm _|Voo=475v,_iou=ama— | SSC~itS 





4 
VOL Low-level output voltage CMOS | Vcc = 4.75 V, lol =4mA | 
| PECL [PVco=5V, _lou=76mA | 8 =A 
Input current, TTL/CMOS Vcc = 5.25 V, Vi = Voc or GND 
: : Vi = 


4.3 
0.5 
0.5 
3.4 

I | = +4 

He i : | 25 | 
100 
175 

4 








Voc = 5.25 V, lo = 9, 
Icc1 Supply current? f = 155.52 Mbit/s 


Icc2 Supply current§ Voc = 6.25 V, f = 155.52 Mbit/s 


T All typical values are at Voc = 5 V, Ta = 25°C. 
+ PECL outputs are unterminated. 
§ PECL outputs are terminated with a 50-Q resistor to 3 V. 


m 
m 


Low-level input current, PECL Vcc = 5.25 V, VI = 3.35 V PB 


A 
A 
pF 
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timing requirements, C, = 25 pF (see Notes 3 and 4 and Figure 1) 


tw(RXSCH) Pulse duration, RXSC high 


tw(RXSCL) Pulse duration, RXSC low 


te(RXSC) Clock cycle time, RXSC 
tsu(RXSD) Setup time, RXSD before RXSCT 
| th(RXSD) Hold time, RXSD after RXSCT 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — Voz)/2 or (ViH — Vi_)/2 as applicable. 


i t 
al | ! | | 


: tw(RXSC)H abe eo tw(RXSC)L 
| 





tsu(RXSD) —¢ 9 thrxsp) I¢— terxsc) — 
TZ | 
o, 

























RXSD RX f S € OK 
Crerece. OSX) 
(input) RLY ¢ KK 















Figure 1. Line-Side Input Clock and Data. 


operating characteristics, C, = 25 pF (see Notes 3 and 4 and Figure 2) 


tax uni 
tw(RXF) Pulse duration, RXF | 
fawmxecr) Pulse duraion, AXBG WHC 
FwmxBcl) Pubs duration, KBCIOw——SCSCSC~CSCSCSYSSSC*dC 
te(RXBC) Clock cycle time, RXBC a a a 


td(RCL-RDV) _ Delay time after RXBCJ to RXBD valid 
| td(RCL-RFH) Delay time after RXBCJ to RXFT fore eae 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VoL)/2 or (ViH — ViL)/2 as applicable. 






















| -F6 28 l 28 l 28 l C1 l: 
ayne | | | | | | 
(output) l l | 


td(RCL-RDV) | \e- | 


RXBDn | 
(output) 


| 
ta(RCL-RFH) —> = 
RXF 
(output) ! 


l¢- tw(RXF) —> 
Figure 2. Terminal-Side Byte Output 


| tw(RXBCL) fea a tw(RXBCH) 
|: 
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timing requirements, C; = 25 pF (see Notes 3 and 4 and Figure 3) 


MIN NOM Max] UNIT 

oo a | CA: Sz SOMA KC 
[to(TxBC) Clock oycletime, TXBC ts 
eer sida time before Sac. TXBD er eT 
ince _HoineaterN@OL WED 
tsu(TXF)1 ee time before ecl Oe a. en ae oe 
[th(rxr)1 __—_Holdtime before TXBOL,TXF ts 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VoL)/2 or (VjH — Vi_)/2 as applicable. 















28 | 28 | C1 | C1 


TXBC | | 
(input) ! | | | 


| : 
oo —\——>—__- tw(TXBCL) 


— tc(TXBC) 5 
tsu(TXBD)1 4a tex 


TXBDn 
_ (input) 





It— tsu(TxF)1 —P-t— ther xr) 
 TXF 
(input) 


Figure 3. Terminal-Side Byte Input (TPINV low) 
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timing requirements, C; = 25 pF (see Notes 3 and 4 and Figure 4) | 


tw(TXBCH) Pulse duration, TXBC high 


tw(TXBCL) Pulse duration, TXBC low 
tc(TXBC) Clock cycle time, TXBC 
tsu(TXBD)2 ‘Setup time before TXBCT, TXBD 
th(TXBD)2 Hold time after TXBCT, TXBD 
tsu(TXF)2 Setup time before TXBCT, TXF 
th(TXF)2 Hold time after TXBCT, TXF. 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. beg 
4. Timing intervals are measured at (VOH — VO_L)/2 or (ViH — Vi_)/2 as applicable. 





28002~C~O 28 | C1 | Cf 


(input) 
| ! | 
| tw(TXBCH) —¢——-b—_—>- tw(TXBCL) 


(¢—— te(TXBC) ——— 
tsu(TXBD)2 —{4— >_> th(TXBD)2 





tsu(TXF)2 Sp aac 1 i th(TXF)2 
TKF | | | 
(input) . 


Figure 4. Terminal-Side Byte Input (TPINV high) 
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operating characteristics, C; = 25 pF (see Notes 3 and 4 and Figure 5) 






tw(RXE) Pulse duration, RXF high a ee 
tw(RXBCH) Pulse duration, RXBC high fF 9 ots 
tw(RXBCL) Pulse duration, RXBC low a no ae 
te(RXBC) Clock cycle time, RXBC SS aa eS 
[atROL Rov) Delay tine ater RXBCLORKBDvalG SSCS 
Peony Daaytine ator RBCLOAXFT———SSCSC~C~—CSCSCSCSCSCSC~‘CSs~‘iSSC~«iY 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViH — Vi_)/2 as applicable. 












| 28 | 28 | C1 


(output) | | | 
| tw(RXBCL) —¢——>i¢—+- tw(RXBCH) 
ta(RCL-RDV) > i te(RXBC) > 


RXBDn | _ MSB LSB 
(output) ~ Nibble Nibble 
| 
td(RCL-RFH i 
> | 
RXF / \ 
(output) ! | 
Kt tw(RXF) —_ 91 
Figure 5. Terminal-Side Nibble Output 
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timing requirements, C; = 25 pF (see Notes 3 and 4 and Figure 6) 









a Setup time before seein TXBD 


th(TXBD)3 Hold time after TXBCL, TXBD ee 


tsu(TXF)3 Setup time before TXBC1, TXF 
‘th(TXF)3 Hold time after TXBCL, TXF <<a pons 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH ~ VoL)/2 or (ViH — Vi_)/2 as applicable. 






28 | 28 | C1 


(input) | 
| | | | | 
| ! tw(TXBCH) Se tw(TXBCL) 
| 


kt—— te(TxBc) ——> 


LSB 
Nibble 


| ¢— tsu (TXF)3 aa tr th(TXF)3 
(input) 


Figure 6. Terminal-Side Nibble Input (TPINV low) 














TXBDn RSS 
SSO 


(input) 
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timing requirements, C,_ = 25 pF (see Notes 3 and 4 and Figure 7) 


tw(TXBCH) Pulse duration, TXBC high 
tw(TXBCL) Pulse duration, TXBC low 
te(TXBC) Clock cycle time, TXBC 
tsu(TXBD)4 Setup time before TXBCT, TXBD 
th(TXBD)4 Hold time after TXBCT, TXBD 


tsu(TXF)4 Setup time before TXBCT, TXF 





NOTES: 3. PECL outputs are terminated with a 50-Q resistor 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (VjH — Vi_)/2 as applicable. 





28 | 28 | C1 
| | 
TXBC 
(input) | 
| | | | ! 
: tw(TXBCH) ee aie tw(TXBCL) 
tsu(TXBD)4 ——_}¢_ 4-9 thcTxBp)4— (+ te(TxBC) ——> 
| | 










TXBDn 
(input) 





tsu(TXF)4 (ea th(TXF)4 


TXF | , 
(input) 


Figure 7. Terminal-Side Nibble Input (TPINV high) 
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operating characteristics, C, = 25 pF (see Notes 3 and 4 and Figure 8) 


CWO 


td(TCH-TFL) Delay time after TXRCT to TXRFJ 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViH — ViL)/2 as applicable. 












TXRC 
(output) | | | 


| 
tw(TXRCL) 


: tw(TXRCH) — 
_ td(TCH-TFL) — lk¢t—— tecrxRc) ——>! 
l¢—— tw(TXRFL) —>! 
TXRF 
(output) 


Figure 8. Terminal-Side Byte Reference Signals Output (TPINV low) 
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operating characteristics, C, = 25 pF (see Notes 3 and 4 and Figure 9) 


a 09 
fw(TKRFH _Pube duration, TXRFHGR SSSSSC~dSCSCSC A 
tw(TXRCL) Pulse duration, TXRC low F238 ots 


te(TXRC) Clock cycle time, TXRC 
td(TCH-TPH) Delay time after TXRCT to TXRFT 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VQH — VOL) /2 or (VjH — Vi_)/2 as applicable. 


TXRC 
(output) ) | 
| 


| 
| tw(TXRCH) tw(TXRCL) 
| 









| 
ta(TCH-TFH) —+¢—> I¢—— tecrxRc) ——> 
| 
\¢— tw(txRFH) —> 
TXRF 
(output) 


Figure 9. Terminal-Side Byte Reference Signals Output (TPINV high) 


operating characteristics, C, = 25 pF (see Notes 3 and 4 and Figure 10) 


tw(TXREL) Pulse duration, TXRF low 25.72 
TXRCH) Pulse duration, TXRC high pone | 


tw : 2 2 ae 
tw(TXRCL) Pulse duration, TXRC low . | ioe ed 
: 


: s | 
S 

ns | 

c(TXRC) Clock cycle time, TXRC 25.72 
ns 


[tacTCH-TFL) Delay time after TXRCT to TXRFL | a ee Ge 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. | 
4. Timing intervals are measured at (VOH — VoL)/2 or (ViH — Viz)/2 as applicable. 


TXRC 
(output) | ! 
| 


| 
: tw(TXRCH) —\¢—_$§|_>e—_—>- tw(TXRCL) 
td(TCH-TEL) ana lt—— tecrxnc) ——> 
ere twIXREL) 

















TXRF 
(output) 


Figure 10. Terminal-Side Nibble Reference Signals Output (TPINV low) 
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operating characteristics, C, = 25 pF (see Notes 3 and 4 and Figure 11) : 


tw(TXRFH) Pulse duration, TXRF high | 2572 | ons 
tw(TXRCH) Pulse duration, TXRC high ee 
fw(txAGL) _Puse duration, XAGIow ——SSCSCSCSCSSSCSCSCSC“‘“‘“dCSSi 
feqrxng) —_Geckayeetme,TXRC—— SSCS 
Reroute _DelaytmeaterTXACLIOTRAT —OSCSC~C~“~*S*~—“‘“‘—s*s*~*~‘“‘—‘“iSSSC~*td 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. ; ; 
4. Timing intervals are measured at (VOH — Vo_)/2 or (Vi — Vi_)/2 as applicable. 


utput Sf rf Xf \& 
(output) 
| | | | 
tw(TXRCH) tw(TXRCL) 
| kt—— tecrxnc) ——> 
tw(TXRFH) 












td(TCL-TFH) 
TXRF 
(output) 


Figure 11. Terminal-Side Nibble Reference Signals Output (TPINV high) 


operating characteristics, C, = 25 pF (see Notes 3 and 4 and Figure 12) 


INT aT NT 


td(OFH-OOH) Delay time after OOFNT to OOFT | 0 312 Pe 
td(OFH-LOH) Delay time after OOFNT to LOFT 0 : 312 | ons | 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViH — Vi_)/2 as applicable. 





timing requirements, C; = 25 pF (see Notes 3 and 4 and Figure 12) 
UNIT 


tw(OOFNL) Pulse duration, OOFN low 10 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (Vi — Vi_)/2 as applicable. 


OOFN \ | / | 
(input) | | | 
lt— tw(OOFN) eee td(OFH-OOH) 


OK KK ORK KKK KKK KYO 
CK KKK KKK KOK KOK KKK XK 
QQ QPP QQ 














OOF/LOF 
(output) 





xX Active High Only 





Figure 12. OOFN Resetting Frame 
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operating characteristics, C; = 25 pF (see Notes 3 and 4 and Figure 13) 


a Sd 
td(RSH-TCH) Delay time after RESETT to TXRCT | 630] ons | 





ta(TCH-TFL) Delay time after TXRCT to TXRFL os] 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VoL)/2 or (ViH — Vi_)/2 as applicable. 


timing requirements, C, = 25 pF (see Notes 3, 4, and Figure 13) 


a I MX ONT 
tw(RESETL) Pulse duration, RESET low 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (VijH — Vi_)/2 as applicable. 


RESET 
(input) \ / | 
tw(RESETL) —¢—_——¢91— ta(RSH-TCH) 


OOOO KOON | 
OOOO OOOO 
SKN 


xXx XKXKX xx) 


| 
‘ areal td(TCH-TFL) 
TXRF \ / 
(output) 


Figure 13. RESET Effect of Reference Clock and Frame (TPINV low) 









TXRC 
(output) 






operating characteristics, C_ = 25 pF (see Notes 3 and 4 and Figure 14) 


td(RSH-TCH) _ Delay time after RESETT to TXRCT 





td(TCH-TFH) Delay time after TXRCT to TXRFT a 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VoL)/2 or (ViH — Vi_)/2 as applicable. 


timing requirements, C; = 25 pF (see Notes 3 and 4 and Figure 14) 


IN ax i 
tw(RESETL) Pulse duration, RESET low 105 rns | 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViH — Vi_)/2 as applicable. 


RESET | \ / 
(input) | | 
tw(RESETL) —¢——_—P¢— + td(RSH-TCH) 


| 
TXROC XXKKKKKKK KK KKK) 

9955555535535 
(output) ~QRRRRRRRQRQRQRLOWS 


AF en 












oN 






























| 
eae td(TCH-TFH) 


TXRF 
(output) 


Figure 14. RESET Effect of Reference Clock and Frame (TPINV high) 
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_ operating characteristics, C, = 25 pF (see Notes 3 and 4 and Figure 15) 


Le i ence chee telieageee eereirooarpnacetanreroaneas UNIT 
td(RCL-RDV) Delay time after RXBCJ to RXBD valid | 0 6{ ons | 


td(RCL-BEL) _ Delay time after RXBC to B1ERRL a ee 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViH — ViL)/2 as applicable. 


RXBC | 
(output) ' | \\ 


td(RCL-RDV) —> i | 
RXBDn 
wen Xa Kem XX _—» 


Last Data Byte/ Nibble le 
of the First Row td(RCL-BEL) 5 
Bit O.K Bit O.K 


of the Payload | K. K. 
vaneun / BitError \ Bi Parity Bité / BitError \ Bi Parity Bit4 
, B1 Parity Bit7 \_ B1 Parity Bit5 


t Four time slots of B1ERR are shown; up to eight bits can be in error in a given frame. 


Figure 15. B1 Error-Pulse Timing — Byte Mode 












operating characteristics, C; = 25 pF (see Notes 3 and 4 and Figure 16) 


INT 


td(RCL-RDV) Delay time after RXKBCJ to RXBD valid a io 
td(RCL-BEL) _ Delay time after RXBCL to B1ERRI | 06 ons 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViIH — ViL)/2 as applicable. | 


RXBC . 
(output) l | . 
| 


ta(RCL-RDV) > 


| B1 B1 
MSB Nibbie LSB Nibble 


| 
Last Data Byte/ Nibble le td(RCL-BEL 
of the First Row a > ! sis 


BIERRt of the Payload ana aie: 
(output) r 
B1 Parity Bit 7 B1 Parity Bit 6 


t Four time slots of B1ERR are shown; up to eight bits can be in error in a given frame. 


Figure 16. B1 Error-Pulse Timing — Nibble Mode 












RXBDn 
(output) 
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operating characteristics, C_ = 25 pF (see Notes 3 and 4 and Figure 17) 









td(RSH-RFH) Delay time after RESETT to RXRFT 51.44 130] ns 
ww(AXRF) Pulse duration, AXA 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH - VOL)/2 or (Vi — Vi_)/2 as applicable. 


RESET \ f 
(input) | 
iis ta(RXRF) —————>| | 


+> — tw(RXRF) 
RXRF | {—— | 
(output) 


Figure 17. RESET Receive Reference 





timing requirements, C, = 25 pF (see Notes 3 and 4 and Figure 18) 


tw(HSOKH) Pulse duration, HSCK high eee 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (Vi — ViL)/2 as applicable. 













¢*———— te(Hsck) 
tw(HSCKH) a tw(HSCKL) 
| 


HSCK | | 
(input) 


Figure 18. HSCK Input 





sa TEXAS | 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-205 


2-206 


_ TNETS2302C 
_ STS-3/STM-1 LINE INTERFACE 


SDNS020B - SEPTEMBER 1992 - REVISED DECEMBER 1994 





® Member of the Texas Instruments Digital ® Provides User-Selectable Options for: 
Communication Series of Standard DS-3 — Signal Scrambling/Descrambling 
and SONET Devices — B1 Parity Calculation 

® Transmits and Receives at the ® Provides Loss-of-Signal (LOS), Loss-of- 
STS-3/STM-1 Rate of 155.52 Mbit/s Frame (LOF), and Receive Frame Error 

® Converts 155.52-Mbit/s Data and Clock to _ (RFE) Flags for 155.52-Mbit/s Data 
Byte/Nibble Data and Clock and Vice Versa @ Packaged in 84-Pin Plastic Leaded Chip 

© Provides Pseudo-ECL (PECL) Levels for Carrier (PLCC) Using 50-mil Center-to- 
155.52-Mbit/s Data and Clock Center Spacings 


® Detects the Frame of the Incoming Signal 
and Transmits a Frame-Indication Signal 

















FN PACKAGE 
(TOP VIEW) 
aT oc O b- O ke 

9Z€0980GE q 9892 39523 92 

Or mwmondstzacoqomorranctanrtackakadtkg 

CR ee ee ee 0 2 0 ee 2 en 2 ee ee ee ee eee 

98765 432 
GNDLJ 12 | 74,1 NC 

Voc] 13 731} PGND 
RXBDOL] 14 721) PVcc 
RXBD1 LJ 15 711] HSCKC 


RXBD2L] 16 70} PGND 


RXBD3L] 17 : 69 || HSCKT 
GNDLJ 18 68 LI PVcc 

RXBD4L] 19 67 LINC 

RXBD5L] 20 66 L} PGND 


RXBD6L] 21 65 PVco 
RXBD7 Lj 22 641] TXSDC 


Voc 23 63 |] NC 
RXBCL} 24 621] NC 
GNDL] 25 61 L|] TXSDT 
RXF L] 26 601} PVcc 
OOF LJ 27 591) PGND 
LOFL] 28 5811] TXSCC 
Voecl 29 57 LJ TXSCT 
LOSL] 30 56 L| NC 
RFEL] 31 551] PVcc 
TXRF L] 32 54] PGND 


NC — No internal connection 
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functional block diagram 



























FLB OOFN MODE 
RXSDT 8 RXBDn Byte/ 
Nibble . 
RXSDC RX | 
155.52-Mbit/s Converters Mode/ RXRF 
Input | RXSCC - RXF 
Serr 5 LOS, RFE, 
HSCKC LOF, OOF, 
B1ERR 
-— ! —+»> ¢ BSCRM 
acility Terminal 
HSCK Loopback | | Loopbackt ee NB 
a) | HS RESET 
Bo YY 
Clock 8 Byte/ 
TXBDn | Nibble 
TX 
ne CMOS/PECL Parallel/ | TABS Input 
PECL J TXSDC Drivers . Serial Transmit TXF | 






155.52-Mbit/s 
Output | TXSCT 


TXSCC 


! Converter 





Mode 
Data soe .c. 
TXRF Reference 
Clock Clock and 
TXRC 


Frame 





TLB TPINV 
Tt Dashed lines are used for loopback signals. 


description 


The TNETS2302C provides a complete frame-synchronization function for a STS-3/STM-1 line interface. The 
device frame aligns the incoming 155.52-Mbit/s serial-data stream and converts it to a byte or nibble data output. 
A byte or nibble clock output is also provided along with a frame-indication signal. In the transmit direction, the 
TNETS2302C accepts byte or nibble data and clock and outputs a 155.52-Mbit/s serial-data stream. The device 
can be programmed to provide signal descrambling/scrambling and B1 byte parity checking/generation. The 
TNETS2302C also monitors the incoming serial data and provides a loss-of-signal (LOS) indicator. In addition, 
loopback of both the facility serial line input and the terminal byte/nibble input is provided. 


The TNETS2302C provides two modes of frame synchronization: tracking or nontracking. When the tracking 
mode is activated, the device finds the frame of the incoming signal and monitors the signal continuously for 
frame-alignment errors. In this operating mode, outputs are provided to indicate a receive frame error (RFE), 
out-of-frame error (OOF), or loss-of-frame error (LOF). If the nontracking mode is activated, the device finds 
the frame of the incoming signal but no subsequent monitoring of the signal is provided. In this mode, the RFE, 
OOF, and LOF outputs are deactivated. 


The serial data and clock inputs and outputs operate at PECL levels (ECL levels referenced to 5 V instead of. 
0 V). Of the remaining I/O signals, the inputs are TTL compatible and the outputs are CMOS. The TNETS2302C 
is specified for operation over a temperature range of —40°C to 85°C. 
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serial data input to byte/nibble output 


The serial inputs to the TNETS2302C consist of a 155.52-Mbit/s data stream and a corresponding 155.52-MHz 
clock signal from an optical-to-electrical converter, clock-recovery circuit, or similar function. Both the serial data 
and clock inputs operate at differential PECL levels. The serial data is clocked into the device on a positive 
transition of the clock signal. A serial search for the framing bytes (A1, A2) is performed on the incoming data 
in accordance with the selected frame-synchronization mode. If the tracking mode is selected (MODE = low), 
the device continues to monitor the incoming data stream after the frame has been established and the LOF, 
OOF, and RFE indicators are enabled. If the nontracking mode is selected (MODE = high), the incoming data 
is not monitored after the frame has been found and the LOF, OOF, and RFE indicators are disabled. 


If the tracking mode is selected and an out-of-frame (OOF) condition exists, the TNETS2302C initiates a search 
for the framing pattern. The framing pattern is defined in ANSI standards and CCITT recommendations as six 
bytes (F6, F6, F6, 28, 28, 28) for an STS-3/STM-1 signal. These bytes occupy the A1 and A2 byte positions in 
the SONET/SDH frame. Once the frame has been found, the serial data is converted to parallel data and output 
in either nibble or byte format depending on the state of the nibble (NIB) input. If NIB is high, the data is output 
in nibble format along with a 38.88-MHz clock. If NIB is low, the data is output in byte format along with a 
19.44-MHz clock. The device also provides a framing pulse output (RXF) that goes nigh when the third A2 byte 
appears on the data output. 


When tracking mode is selected, the RFE, LOF, and OOF indicators are enabled. RFE is synchronous with the 
third A2 byte and becomes active high when a framing bit error is detected. The signal is active for one clock 
cycle when byte format is selected and two clock cycles when nibble format is selected. If four consecutive 
frames have framing errors, OOF goes high. This output remains high for at least two frames. If OOF remains 
high for 24 frames, LOF goes high. This output remains high until eight consecutive error-free frames are 
received. When an out-of-frame condition occurs (OOF goes high), the device begins a new search for the 
framing pattern. The device also begins a new search for the framing pattern if OOFN is taken low for two RXBC 
clock cycles. 


The TNETS2302C provides signal scrambling/descrambling and B1 parity checking/generation if the tracking 
mode is selected. When BSCR\M is high, signal scrambling/descrambling and B1 parity checking/generation 
are both enabled and all the bytes after the third C1 byte are scrambled. The B1 parity errors are indicated with 
B1ERR. A positive output pulse is sent out for each bit of the B1 byte in error. The pulses are clocked out with 
the RXBC receive clock, and each pulse is one-byte clock period long. There can be up to eight pulses on the 
B1ERR lead in a given frame. The ordering of the bit-error pulses is from bit 7 to bit 0. For example, if the pulses 
out of B1ERR form the sequence 01000100, errors are detected in bit 6 and bit 2 of the B1 byte. 


The data and clock outputs of the TNETS2302C can be selected to follow either a nibble or byte format when 
the tracking mode is enabled. If the nibble mode is selected (NIB is high), the clock output frequency is 
38.88 MHz and the data byte is output as two nibbles on RXBD3-—RXBDO. The most significant nibble is 
transmitted first with the most significant bit of the data byte output on RXBDS. The least significant bit of the 
data byte is transmitted on RXBDO of the second nibble. If the byte mode is selected (NIB is low), the clock output 
frequency is 19.44 MHz and the most significant bit is output on RXBD7. 


When the nontracking mode is selected, the TNETS2302C begins a search for the framing pattern when OOFN 
is taken low for two RXBC clock periods. The RXBDn output data is set to zero on the rising edge of OOFN. Valid 
data is transmitted after the framing pattern is detected. The RFE, OOF, and LOF alarm indicators are disabled 
when the nontracking mode is selected. In addition, the scrambler/descrambler is disabled, and the data can 
be output only in byte format. 


The serial input data can be looped to the serial data output (facility loopback) independent of whether tracking 





mode or nontracking mode is selected. To implementa facility loopback, the facility loopback (FLB) input is taken - 


high. The received data is passed to the terminal side and looped back to the serial output. The terminal transmit 
data is blocked by the looped signal and ignored. 





v3 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 2-209 


TNETS2302C 
STS-3/STM-1 LINE INTERFACE 


~SDNS020B — SEPTEMBER 1992 — REVISED DECEMBER 1994 


byte/nibble data input to serial data output 


Nibble or byte data is clocked into the TNETS2302C on negative transitions of the data input clock (TXBC). If 
nibble mode is selected, the data is input using the TXBD3-—TXBDO inputs with TXBD3 being the most 
significant bit. If byte mode is selected, the data is input using the TXBD7-— TXBDO inputs with TXBD7 being 
the most significant bit. For a given byte, the most significant bit is transmitted first on the serial data output. If 
the scrambling and B1 parity generation functions are to be performed by the SYNC 155, a framing pulse (TXF) 
identifying the location of the third A2 byte in the incoming data is required. To facilitate the generation of TXBC 
and TXF, the TNETS2302C provides a reference byte or nibble clock (TXRC) and a reference frame (TXRF) 
output that are generated from the 155.52-MHz clock inputs (HSCKT and HSCKC). TXRF is active low, has a 
nominal width of 51.44 ns, and occurs at the frame rate of 8 KHz. TXRC occurs at a rate of 19.44 MHz or 38.88 . 
MHz depending upon the state of the NIB input. 


The byte/nibble input data is looped back to the byte/nibble output data if the terminal loopback (TLB) input is 
high. When TLB is selected, the byte/nibble input data is passed to the line-side serial data output and looped 
back to the terminal-side output. The received line data is blocked by the looped signal and ignored. The 
byte/nibble input data is scrambled and the B1 parity byte is generated if the BSCRM input is high. Ifthe BSCRM 
input is low, these functions are bypassed. The byte/nibble input data is converted to serial format and output 
via the serial output clock, TXSC. | 


Terminal Functions 


TERMINAL ; 
V0 DESCRIPTION 
NAME NO. 


B1 generation/checking and scramble/descramble. When BSCRM is high, the TNETS2302C 
provides B1 checking and descrambling of the receive incoming data and B1 generation and 
scrambling of the transmit output data. To generate B1 errors for test purposes, the value for B1 
calculated for the transmit frame is exclusive ORed with the value of B1 received on the transmit 
terminal-side input. To ensure that the correct value for B1 is transmitted for normal operation, 
the value for B1 received on the transmit terminal-side input must be 00 (hex). To disable B1 
generation/checking and scrambling/descrambling by this device, BSCRM is taken low. 


B1 parity-error indication. A positive-pulse error indication is provided for each B1 bit parity error, 
up to a maximum of eight error indications. Each error indication is one clock-cycle wide in the 
byte mode and two clock-cycles wide in the nibble mode. 


Facility loopback. When FLB is high, the serial input data is looped backed to the serial output. 
FLB The received serial data is also passed to the terminal-side output. The facility and terminal 
loopbacks cannot be used at the same time. This produces erroneous results. 


5, 7, 8, 11, 12, 
GND 18, 25, 43, 46, 53 Ground (0-V reference) | 
HSCKC 71 , High-speed clock complement. HSCKC is used with HSCKT to provide a differential input clock. 


(PECL) 


| High-speed clock true. HSCKT is used in conjunction with HSCKC to provide the 155.52-MHz 
(PECL) | reference and transmit clock. 


HSCKT 69 


Loss of frame. LOF goes high when an out-of-frame (OOF) condition persists for three 
O milliseconds (24 frames) or longer. LOF goes low when eight error-free framing patterns are 
(CMOS) | detected after the OOF state is exited. This indication is valid only when MODE is low (tracking | 
mode). 


Loss of signal. LOS goes high when the incoming receive data signal stays high or low for 100 us 
(or greater) or if the incoming receive clock stays high or low for one microsecond+750 ns. LOS | — 
goes low when two consecutive error-free framing patterns are detected and a loss of the second 
condition is not detected between the framing patterns. | 
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Terminal Functions (Continued) 


TERMINAL 
0 DESCRIPTION 
NAME NO. 


MODE selects either the tracking or the nontracking mode of operation for the receive side. When 
| 
MODE 6 (TTL) 
~ NC 


MODE is low, the device operates in the tracking mode. In this mode of operation, the device 
56, 62, 63, 67, 74 






searches for and tracks frame alignment. The framing pulse output RXF is held low when out of 
frame occurs while byte or nibble data is provided. When MODE is high, the device enters the 
nontracking mode and frame alignment is declared valid on the first indication of the framing 
pattern (not the second). If external circuitry finds that an invalid framing pattern has occurred, 
MODE sends a low signal to OOFN to reinitiate the frame search. 














No connection 


Nibble/byte control. If NIB is high, the terminal interface is nibble wide; if NIB is low, the terminal 
































































ne ma (TTL) | interface is byte wide. 
Out of frame. OOF goes high when errors are detected in the three A2 bytes of four consecutive 
OOF 27 O framing patterns (when A2A2A2 # 282828 while in frame alignment). OOF goes low when two 
(CMOS) | error-free consecutive framing patterns are detected (when A1A1A1A2A2A2 = F6F6F6282828). 
This indication is valid only when MODE is low (tracking mode). 
Out-of-frame negative. A low-level signal on OOFN for two RXBC clock periods starts a new 
OOFN 3 (CMOS) frame search. RESET and OOFN should be applied after a mode change occurs. OOFN must 
occur either at the same time as the RESET or after the RESET becomes inactive. 
54, 59, 66, 70, 
PGND 73, 75, 78, 82 — PECL ground (0-V reference) 
55, 60, 65, 68, =9 
PVCC 72, 76, 80, 84 _— PECL supply voltage, 5 V + 5% 
RESET 49 | The device is reset when RESET is held low for a minimum of 105 ns. The device should be reset 
(CMOS) | after power is applied or the state of BSCRM, MODE, or NIB is changed. 
Receive framing error. RFE goes high when any bit in the receive-framing pattern is in error and 
REE 31 O the device is not in an out-of-frame state. When present, the indication occurs at the start of the 
(CMOS) | third A2 framing byte in the framing pattern in the receive-side data. This indication is valid only 
when MODE is low (tracking mode). 
RXBC D4 O Receive clock. RXBC outputs the data from the TNETS2302C on the falling edge of this signal. 
(CMOS) | The clock frequency is either 19.44 MHz (byte clock) or 38.88 MHz (nibble clock). 
RXBD7— 29-19. 17-14 O Receive data. TXBD7—RXBD0 is the terminal-side output data, either byte or nibble wide that 
RXBDO : (CMOS) | depends on the state of NIB. Receive data is still provided when OOF occurs. 
RXF 26 Receive frame. RXF provides a positive pulse in synchronization with the third A2 byte of the 


SONET/SDH frame. When OOF occurs, RXF is held low. 


RXRF Receive reference frame. RXRF is an 8-kHz output derived from the differential input serial clock 
RXSC. RXRF is one clock-cycle wide. 


Receive serial clock complement. RXSCC is used with RXSCT to provide a differential clock 
RXSCC , 
(PECL) | input. 


| Receive serial clock true. RXSCT is used with RXSCC to provide a differential clock input that 
RXSCT 81 
(PECL) | accompanies the serial data input. 


| Receive serial data input complement. RXSDC is used with RXSDT to provide a differential data 
RXSDC 79 
(PECL) | input. 
RXSDT 77 aeaw Receive serial data input true. RXSDT is used with RXSDC to provide a differential data input. 


Terminal loopback. When TLB is high, the transmit terminal input is looped back to the receive 
terminal output. The transmit terminal input data is also sent to the transmit serial output. The 
facility and terminal loopbacks cannot be activated at the same time. This produces erroneous 

results. | 





ae ke 
-|30/So 
et RC) 


© 
© 









TLB 52 (TTL) 












= 
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ae | 1 
NAME | N 

( 

( 

( 

( 





Terminal Functions (Continued) 


DESCRIPTION | 


Transmit path invert. When TPINV is low, TXRF is active low and clocked out on the rising edge 
of TXRC. In addition, TXF is active low and clocked into the TNETS2302C, along with TXBDn, 
on the falling edge of TXBC. When TPINV is high, TXRF becomes an active-high output that is 
clocked out on the falling edge of TXRC. Also, TXF becomes an active-high input that is clocked | 
into the TNETS2302C, along with TXBDn, on the rising edge of TXBC. | 
Transmit byte/nibble clock. The clock rate is either 19.44 MHz (byte data) or 38.88 MHz (nibble 
data). The data on TXBDn is clocked into the TNETS2302C on the falling edge of TXBC when 
TPINV is low and on the rising edge when TPINV is high. 

Transmit data. TXBD7 — TXBDO is the terminal-side input data (either byte or nibble wide). | 
TXBD7 is the most significant bit for byte-wide input. TXBD3 is the most significant bit for 
-nibble-wide input. 




















I 
(TT 







O. 
TPINV 10 ile 
4 


TXBC 4 CMOS 


















CMOS 






Transmit frame. TXF is synchronous with the third A2 byte of the terminal-side input and is 
required to perform signal scrambling. TXF is active low when TPINV is low and active high when 
TPINV is high. 






) 
) 
) 
) 
) 





Transmit reference clock. TXRC is a clock occurring at the rate of 19.44 MHz or 38.88 MHz 
depending on the state of NIB. TXRF is clocked out on the positive transition of TXRC when 
TPINV is low and on the negative transition of TXRC when TPINV is high. 

















Transmit reference frame. TXRF is a one-byte clock-wide pulse occurring at the frame rate of 


/ 
50 
O 
TXRC 47 CMOS 
TXRF 32 io 
(CMOS) | 8 kHz. TXRF is active low when TPIN is low and active high when TPINV is high. 
TXSCC 58 an Transmit serial clock output complement. TXSCC has an inverted PECL clock output. 
O 
57 E 
64 E 
61 








F 
P 
TXSDC Transmit serial data output complement. TXSDC has an inverted PECL data output. 
‘| TXSDT (PECL) Transmit serial data output true. TXSDT has a noninverted PECL data output. 
1, 13, 23, 29 é 
Vcc 34, 45 48 i Supply voltage, 5 V + 5% | 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 






Oo 
| 
L) 
| 
| 
TXSCT (PECL) Transmit serial clock output true. TXSCT has a noninverted PECL clock output. 
O 
CL 
O 





Supply voltage range, Voc (See Note 1)... 0. cece ccc cee eee neers en ee enn eeneeeaes -0.5Vto7V 
supply voltage: range, PVccG; PECL. sa.ciehacuwdtiwesiond ceo vestetaveeaeees teaae dawns -0.5Vto7V 
Input Voltage tange. ATL, oticveteas ate deste bewede hake scien eke Slee Bh83 e oe ate na steare de OVtoPVcc 

PECL ..... Sada ttcie cua Deets eee ea de eeh ene a ee ae ets —1.2Vto7V 
Input/output Clamp Current range... wk cee cee ence nent eee e eens —50 mA to 50 mA 
Operating free-air temperature range, Ta... .. ee cece cee eee eee e ett eee eee eenenes -—40°C to 85°C 
Storage temperature range ....... Ce ee tree ae were Ci ahwenouletindases —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to the GND terminals. . 





wi TEXAS 
INSTRUMENTS 


2-212 POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 


TNETS2302C 
STS-3/STM-1 LINE INTERFACE 


SDNS020B ~— SEPTEMBER 1992 — REVISED DECEMBER 1994 


recommended operating conditions 






Twin MAX UNIT 

V Supply voltage 4.75 5.25 V 

CC 

PVcc Supply voltage, PECL 4.75 5.25 
Voo= 475 

CMOS ce V 
Vcc = 5.25 V 

PECL (see Note 2) 


Loar See 
Voo= 475 
CMOS CC 
Voc = 625 
PECL (see Note 2) 
TA Operating free-air temperature 


NOTE 2: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for 
logic-level voltages only. 
















VIH High-level input voltage 



















VIL Low-level input voltage 











electrical characteristics over recommended ranges of operating free-air temperature and supply 
voltage (unless otherwise noted) 


PARAMETER | TEST CONDITIONS MIN TYPt MAX] UNIT 
Vik __ Input clamp voltage, TTL Voc = 4.75 V, IK =-18 mA 
CMOS. |Vcc=4.75V, loH =-4 mA 





















































VOH High-level output voltage | TTL Voc = 4.75 V, IOH=—-2mA 4.25 V 
PVG = 5 iH = 22.4 mA 
Voc = 475 V io = 4 mA 

VOL Low-level output voltage | TTL Voc = 4.75 V, loL =4mA V 
PVcc = 5V, loL = 7.6 mA 3 3.4 









\ Input current, TTL/CMOS Voc = 5.25 V, Vi = Voc or GND 
IIH High-level input current, PECL Voc = 5.25 V, Vi = 4.45 V a) a 
Iie Low-level input current, PECL Voc = 5.25 V, Vi = 3.35 V i 


Vcc = 5.25 V, Io = 0, : 
Icc1 Supply current? f = 155.52 Mbit/s ie 


Ioc2 Supply current Voc = 5.25 V, f = 155.52 Mbit/s 175 


Cj Input capacitance, TTL 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+ PECL outputs are unterminated. 
§ PECL outputs are terminated with a 50-Q resistor to 3 V. 


Bis 
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timing requirements, C,. = 25 pF (see Notes 3 and 4 and Figure 1) 


te(RXSC) 
tsu(RXSD) Setup time, RXSD before RXSCT 
th(RXSD) _ Hold time, RXSD after RXSCT 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — Vo_)/2 or (ViH — Vi_)/2 as applicable. 


RXSC | 3 | 
(input) : ) | | 


| ie od tw(RXSC)H ++» - tw(RXSC)L 
| | 





tsu(RXSD) —¢——_4— H(RXSD) ig —_ terpxxscy) ——> 


RXSD 
(input) 





Figure 1. Line-Side Input Clock and Data 


operating characteristics, C, = 25 pF (see Notes 3 and 4 and Figure 2) 


9 
fear) __Puseauraion XESS 
Twxacr) Pulse duaton RxBOMGH—SOSOCSCSCSCSCSCSCSC“‘iSSCid 
ffeacl) Pulse dation, AXBCIw ———SSCSCSCSCSCSSSid 
fegexeo) __Oeckoydetme, BE SSSCSC~C~SCSCSCSS id 
faRcL-ROW) Delay tire afer PABCLTORXBDaIG SSCS 
ROU ArH) Delay treater BCLRXE SSCS a 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViH — Vi_)/2 as applicable. 












| F6 | 28 | 28 | 28s C1 | 
syne | — | | | | | 
(output) | | l 


| 
| tw(RXBCL) lt tw(RXBCH) 
td(RCL-RDV) > | | 


RXBDn | 
(output) 
td(RCL-RFH) —> ye 


RXF 
(output) | : 


t— tw(RXF) — 
Figure 2. Terminal-Side Byte Output 
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timing requirements, C; = 25 pF (see Notes 3 and 4 and Figure 3) 


MIN NOM MAX] NT 

tw(TXBCH) __ Pulse duration, TXBC high es 
tw(TXBCL) Pulse duration, TXBC low 8s 
te(TXBC) Clock cycle time, TXBC 51.44 ons 


tsu(TXBD)1 Setup time before TXBCJ, TXBD ee 


th(TXBD)1 Hold time after TXBCL, TXBD | — ae 
tsu(TXF)1 Setup time before TXBCL, TXF ee 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViH — ViL)/2 as applicable. 





28 | 28 | C1 | C1 


a a a i a a 
(input) | | | ! | 
tw(TXBCH) —\¢——§>——L tw(TXBCL) 


| I¢— te(TxBc) ——* 
tsu(TXBD)1 {449 thTxBD)1 






TXBDn BO 
(input) 
It— tsu(TXF)1 —Py-t-—_ thcrxF)1 
TXF 
(input) 


Figure 3. Terminal-Side Byte Input (TPINV low) 
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timing requirements, C_ = 25 pF (see Notes 3 and 4 and Figure 4) 









tw(TXBCH) Pulse duration, TXBC high 
tw(TXBCL) Pulse duration, TXBC low 
tc(TXBC) Clock cycle time, TXBC 
tsu(TXBD)2 ‘Setup time before TXBCT, TXBD 
th(TXBD)2 Hold time after TXBCT, TXBD 
tsu(TXF)2 Setup time before TXBCT, TXF 
th(TXF)2 Hold time after TXBCT, TXF 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViH — Vi_)/2 as applicable. 





28 28 | Ci | C1 
(input) | | l 
| 
tw(TXBCH) ~~ tw(TXBCL) 


\¢——- tecTxBc) ——1 
tsu(TXBD)2 —{¢ i+ th(TXBD)2 
ee eee SEE a as [pe ae 
TXBDn SECC XX XX, 
€6.6,6,.6.6.6: Xxx XXX) 
(input) VRQQRLY VRQ 





tsu(TXF)2 Se aaa be th(TXxF)2 
TXF | | 
(input) ; 


Figure 4. Terminal-Side Byte Input (TPINV high) 
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operating characteristics, C_ = 25 pF (see Notes 3 and 4 and Figure 5) 


tw(RXF) Pulse duration, RXF high 
tw(RXBCH) Pulse duration, RXBC high 


tw(RXBCL) Pulse duration, RXBC low 


tc(RXBC) Clock cycle time, RXBC ; 
td(RCL-RDV) _ Delay time after RXBCJ to RXBD valid 


tg(RCL-RFH) Delay time after RXBCL to RXFT 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViH — Vi_)/2 as applicable. 





| 28 | 28 | C1 


(output) | l | l 
| tw(RXBCL) —4¢——>—+-— tw(RXBCH) 
tg(RCL-RDV) > i tc(RXBC) >) 


RXBDn | MSB LSB 
(output) Nibble Nibble 
| 
td(RCL-RFH lt 
( )> | 
RXF / \ 
(output) | ! 
kt tw(RXF) ————| 
Figure 5. Terminal-Side Nibble Output 
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timing requirements, C,. = 25 pF (see Notes 3 and 4 and Figure 6) 7 
Tn wT ot] 
fwcTXBCH) _Pulseduraion,TxBChgh SS SCSC~C~—iS Cd 
fwxecly —_Pubedaion HBCIOwSCSC~C“‘“YSTCd 
fecrxacy __Clockoyletime BC SCSC~C~C—CiSC“‘i TO 
tsu(TXBD)3 ‘Setup time before TXBC, TXBD ~ 

th(TXBD)3 Hold time after TXBCL, TXBD i 
















NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViH — Vi_)/2 as applicable. 


28 | 28 a I C1 


me NS XK F YS KSA’ 
(input) | | ! | | 
! | tw(TXBCH) > tw(TXBCL) 
tsu (TXBD)3. —}¢——>}¢—>-—- thTxBD)3_— ¢—— te(rxBc) ——> 
| IZ 
©» j 















Ty N/ \/ 











TXBDn LSB 
(input) KS OLY \_Nibble 
I¢— tsu (TXF)3 _ th(TXF)3 
TXF 
(input) 


Figure 6. Terminal-Side Nibble Input (TPINV low) 
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timing requirements, C, = 25 pF (see Notes 3 and 4 and Figure 7) 


tw(TXBCH) 
tw(TXBCL) 
te(TXBC) 


tsu(TXBD)4 


th(TXBD)4 
tsu(TXF)4 
th(TXF)4 


Pulse duration, TXBC high 

Pulse duration, TXBC low 

Clock cycle time, TXBC 

Setup time before TXBCT, TXBD 
Hold time after TXBCT, TXBD 
Setup time before TXBCT, TXF 
Hold time before TXBCT, TXF 





NOTES: 3. PECL outputs are terminated with a 50-Q resistor 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViIH — Vi_)/2 as applicable. 


28 | 28 | C1 


TXBC 
(input) | | | | 





TXBDn 
(input) 


TXF 
(input) 


| tw(TXBCH) (Mt tw(TXBCL) 


| | 
tsu(TXBD)4 ——}¢—_¢-9|— trcTxBpD)4 si! (+ te(TxBc) ——> 












tsu(TXF)4 ee , 


See i. casaaee 


Figure 7. Terminal-Side Nibble Input (TPINV high) 
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operating characteristics, C_ = 25 pF (see Notes 3 and 4 and Figure 8) 


fein) _Pubeduaion Fw 
fwcrxRoH) Puseduator, AROMA 
tw(TXRCL) Pulse duration, TXRC low 2 i eee 
fecrino) —Goxkoysotine RE SSCSCSC~S 
fTOH-TFL) Delaytine ater HROTIOTNRL——SCSC~C~—“—SCSCS*CCSCS—~tiSSC 


NOTES: 3. eal outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (Vip — Vi_)/2 as Sieben: 


TXRC 
(output) ) | ! 


| 
| tw(TXRCH) a | a tw(TXRCL) 












td(TCH-TFL) aaa I¢t— tecrxRc) —— 
lk¢—— tweTXRFL) —> | 
TXRF 
(output) 


Figure 8. Terminal-Side Byte Reference Signals Output (TPINV low) 
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operating characteristics, C; = 25 pF (see Notes 3 and 4 and Figure 9) 


ee 
tw(TXRFH) Pulse duration, TXRF high a a a 
Ten Pele rain, HRC ah 
tw(TXRCL) Pulse duration, TXRC low F238 os 
to(TXRC) Clock cycle time, TXRC p  61.44 Tons 
aCTOH-TPR) olay ie eer AGT APT a 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (Vip — Vi_)/2 as applicable. 


TXRC 
(output) 
| | | | 
| tw(TXRCH) aa Sa ee tw(TXRCL) 


td(TCH-TFH) —t+4—> k¢— te(rxRc) ———> 
| 
k¢—— tw(rxRFH) ——>1 
TXRF 
(output) 


Figure 9. Terminal-Side Byte Reference Signals Output (TPINV high) 









operating characteristics, C; = 25 pF (see Notes 3 and 4 and Figure 10) 


ea SEN BA 23 
tw(TXREL) Pulse duration, TXRF low | 26.72 t ons | 
ceca — Rien TOA 
fxeGd Pin DAGHY 
a a ie 


tacTCH-TFL) Delay time after Ect to TXRFL 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — Vo_)/2 or (ViH — Vi_)/2 as applicable. 


TXRC 
(output) 
| | | | 
: tw(TXRCH) —\¢—__ >_> tw(TXRCL) 


td(TCH-TFL) ie Ik¢t— tecrxnc) —— 
k¢———————— tw(TxRFL) ———| 








TXRF 
(output) 


Figure 10. Terminal-Side Nibble Reference Signals Output (TPINV low) 
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operating characteristics, C, = 25 pF (see Notes 3 and 4 and Figure 11) 


MIN TYP MAX] UNIT 


tw(TXRFH) ‘Pulse duration, TXRF high 
tw(TXRCh) Pulse duration, TXRC high 
tw(TXRCL) Pulse duration, TXRC low 
te(TXRC) Clock cycle time, TXRC 
td(TCL-TFH) Delay time after TXRCL to TXRFT 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. . 
4. Timing intervals are measured at (VOH — VoL)/2 or (Vi — Vi_)/2 as applicable. 


TXRC 
(output) | | 


| | | 
tw(TXRCH) 4 ___ pt» tw(TXRCL) 
! 


| lt — te(TxRc) ——> 
| ; 
td(TCL-TFH) 74—P4¢— tw(TxRFH) ——> 





TXRF 
(output) 


Figure 11. Terminal-Side Nibble Reference Signals Output (TPINV high) 


operating characteristics, C, = 25 pF (see Notes 3 and 4 and Figure 12) 


td(OFH-OOH) Delay time after OOFNT to OOFT 





td(OFH-LOH) Delay time after OOFNT to LOFT 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VoL)/2 or (ViH — Vi_)/2 as applicable. 


timing requirements, C, = 25 pF (see Notes 3 and 4 and Figure 12) 


tw(OOFNL) Pulse duration, OOFN low 105 Fons 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VoOL)/2 or (ViH — Vi_)/2 as applicable. 


OOFN a a Ae 
(input) | | 


| 
It— tw(OOFN) —P———P- ta (OFH-O0H) 
. RN YY YW YY YN OO ON YY | 
COFILOF — SOSCSOSCSSSSOSSSCO 
(output) KKK KKK HH 






























Active High Only 





Figure 12. OOFN Resetting Frame 
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operating characteristics, C; = 25 pF (see Notes 3 and 4 and Figure 13) 


td(RSH-TCH) _ Delay time after RESETT to TXRCT 





td(TCH-TFL) Delay time after TXRCT to TXRFL 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — Vo_)/2 or (Vip — ViL)/2 as applicable. 


timing requirements, C, = 25 pF (see Notes 3 and 4 and Figure 13) 


eT 
tw(RESETL) Pulse duration, RESET low 105 Ever 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VoL)/2 or (ViH — ViL)/2 as applicable. 


RESET \ / - 
(input) | | 
tw(RESETL) —¢—#9- - ta(RSH-TCH) 


LAA AJA AAA AAA AAS/IVSISJVAS3 | 
netatatenecaceten RRR 









TXRC 
(output) 







oe, 






SOR 





| 

¢—bt- ta(TCH-TFL) 
TXRF | 

(output) . 


Figure 13. RESET Effect of Reference Clock and Frame (TPINV low) 


operating characteristics, C; = 25 pF (see Notes 3 and 4 and Figure 14) 


|td(RSH-TCH) _ Delay time after RESETT to TXRCT | 6 30] ns | 





| td(TCH-TFH) _ Delay time after TXRCT to TXRFT | 0) Bf ons 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VoL) /2 or (ViH — Vi_)/2 as applicable. 


timing requirements, C; = 25 pF (see Notes 3 and 4 and Figure 14) 


| MIN, MAX | UNIT | 
| ns 


tw(RESETL) Pulse duration, RESET low 105 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — Vo_)/2 or (ViIH — Vi_)/2 as applicable. 


RESET \ / 
(input) | | 
tw(RESETL) —¢——__ 9} td(RSH-TCH) 
| 

















TXRO XKKKKKKK KOKORO 
KKK KK KKK KKK KKK 
(output) RRR 









| 
cil td(TCH-TFH) 
TXRF 
(output) 
Figure 14. RESET Effect of Reference Clock and Frame (T PINV high) . 
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operating characteristics, C, = 25 pF (see Notes 3 and 4 and Figure 15) 


AAT SE UNIT 
ta(RCL-RDV) _ Delay time after RXBCJ to RXBD valid | 0 6] ons 
td(RCL-BEL) Delay time after RXBCJ to B1ERRL | 0) 6 ons 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (Vip — Vi_)/2 as applicable. 


RXBC : 
(output) | | ; 


ta(RCL-RDV) —> | | 









RXBDn 
(output) 


Last Data Byte/Nibble | 
of the First Row td(RCL-BEL) —>| iy 
of the Payload | BItO.K. Bit O.K. 
iialel BitError Bt ParityBité / Bit Error B1 Parity Bit 4 
P B41 Parity Bit7 B41 Parity Bit5 | 


Tt Four time slots of B1ERR are shown; up to eight bits can be in error in a given frame. 


Figure 15. B1 Error-Pulse Timing — Byte Mode 


operating characteristics, CL = 25 pF (see Notes 3 and 4 and Figure 16) 


aa eee eee Fee 


td(RCL-RDV) _ Delay time after RXBCJ to RXBD valid } 0 6] ons 
ltd(RCL-BEL) Delay time after RXBCJ to B1ERRJ a io 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VoL)/2 or (ViH — Vi_)/2 as applicable. 


RXBC | 
(output) | | l 
| 


ta(RCL-RDV) > [- 









RXBDn | Bi B1 
(output) MSB Nibble LSB Nibble 
| | 
Last Data Byte/Nibble | >| + td(RCL-BEL) 


of the First Row 


BiERRT of the Payload BIKEDoL Bit O.K. 
(output) 
| | B1 Parity Bit 7 | een ve 


Tt Four time slots of B1ERR are shown; up to eight bits can be in error in a given frame. 


Figure 16. B1 Error-Pulse Timing — Nibble Mode 
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timing requirements, C, = 25 pF (see Notes 3 and 4 and Figure 17) | 





th(TXSD) Hold time, TXSD after TXSCT 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (VjH — ViL)/2 as applicable. 


TXSC 
(input) | | | 

+ aa th(TXBD) ~— ‘w(TXSCL) 4 ee tw(TXSCH) 
tsu(TXBD) ayes | ¢—— to(Txsc) ——> 






























\7 \/ 7 7 SZ 







TXSD BRD ESSA 
(input) RRKKSI OOK 











Figure 17. Line-Side PECL Output 


operating characteristics, C; = 25 pF (see Notes 3 and 4 and Figure 18) 


MIN, TYP MAX | UNIT 
td(RSH-RFH) _ Delay time after RESETT to RXRFT 51.44 130] ons | 





tw(RXRF) Pulse duration, RXRF 51.44 | ons | 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH — VOL)/2 or (ViH — VIL)/2 as applicable. 


RESET 
(output) | 


are ta(RXRF) ———1 | 
\¢—______—_>—. tw(RXRF) 


RXRF | | 
(output) 


Figure 18. RESET Receive Reference 
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timing requirements, C, = 25 pF (see Notes 3 and 4 and Figure 19) 


ir] 
GSON) Goce oyde tre, HSK a 


tw(HSCKH) Pulse duration, HSCK high ae ee 


NOTES: 3. PECL outputs are terminated with a 50-Q resistor to 3 V. 
4. Timing intervals are measured at (VOH - VoL)/2 or (ViIH - MIDEe as applicable. 





kt te(HSCK) ————— 


tw(HSCKH) | | | tw(HSCKL) 


HSCK | =! | | 
(input) | | 


Figure 19. HSCK Input 
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® Single-Chip Ethernet™ Adapter for the ® integrated 10 Base-T and 10 Base-5 (AUI) 
Peripheral Component Interconnect (PCI) Physical Layer Interface 
Local Bus — Single-Chip IEEE 802.3 and Blue Book 
— 32-Bit PCIt Glueless Host Interface Ethernet-Compliant Solution 
— Compliant With PCI Local-Bus ~ DSP-Based Digital Phase-Locked Loop 
Specification (Revision 2.0) — Smart Squelch Allows for Transparent 
— 33-MHz Operation : Link Testing 
— 3-V or 5-V I/O Operation — Transmission Waveshaping 
— Adaptive Performance Optimization™ — Autopolarity (Reverse Polarity 
(APO) for Highest Available PCI Correction) 
Bandwidth - External/internal Loopback Including 
-— High-Performance Bus Master Twisted Pair and AUI 
Architecture With Byte-Aligning DMA ® Media Independent Interface (Ml) for 
Controller for Low Host CPU and Bus Connecting 100-Mbps External 
Utilization Transceivers 
— Plug-and-Play Compatible — Compliant Mil for IEEE 802.3u 
® Supports 32-Bit Data Streaming on PCI Bus Transceivers 
— Time Division Multiplexed SRAM — Super Set Supports IEEE 802.12 
-— 2-Gbps Internal Bandwidth Transceivers 
® Switched Ethernet Compatible - Supports Ethernet and Token-Ring 


Framing Formats for 100VG-AnyLAN 


@ Full-Duplex Compatible — Link Pulse Detection for Determining 


— Independent Transmit and Receive 


Channels Wire Rate 
— Two Transmit Channels for Demand © Low-Power CMOS Technology 
Priority — Green PC Compatible 
© Supports Multiple Protocols With a Single 7 sy bio aoc ia ale nove 
Driver Suite g 
— Automatic Transmit Padding @ EEPROM interface Supports Jumperless 
— Optimized Shared Interrupts Design and Autoconfiguration 
® No On-Board Memory Required ® Hardware Statistics Registers for 
© Auto-Negotiation (N-Way) Compatible Q spent gran ps sigs 
@ Multimedia-Ready Architecture eae ae anagement Task Force) 
Scena eomiguare Pan Tecnnology @ [EEE Standard 1149.17 Test Access Port 
(JTAG) 


@ 144-Pin Quad Flat Package 











































FIFO | 10 Base-T 10 Base-T 
|_¢—— Registers Pia Physical i al Ethernet 
PCI erat Layer 10 Base-5 
>) Bus Master (AU!) 


Controller 


Interface 
Multiplexed A 10/100 Mbps 
: Seam NL ) 
FIFO \ ; 


Figure 1. ThunderLAN Architecture 


t The PCI Local-Bus Specification, Revision 2.0 should be used as a reference with this document. 

+ |EEE Standard 1149.1-1990, IEEE Standard Test-Access Port and Boundary-Scan Architecture 
ThunderLAN and Adaptive Performance Optimization are trademarks of Texas Instruments Incorporated. 
Ethernet is a trademark of Xerox Corporation. 

Microsoft is a trademark of Microsoft Corporation. 


Control 
Media 
independent 
interface 
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description 


ThunderLAN is a high-speed networking architecture that provides a complete PCI-to-10 Base-T/AUI Ethernet 
solution with the flexibility to handle 100-Mbps Ethernet protocols as the user’s networking demands grow. 


The TNETE100, one implementation of the ThunderLAN architecture, is an intelligent protocol network 
interface. The ThunderLAN SRAM FIFO-based architecture eliminates the need for external memory and offers 
a single-chip glueless PCI-to-10 Base-T/AUI (IEEE 802.3) solution with an on-board physical layer interface. 
Modular support for 100 Base-T (IEEE 802.3u), and 100VG-AnyLAN (IEEE 802.12) is provided via a superset 
of the industry-standard Media Independent Interface (Mp ThunderLAN uses a single driver suite to support 
multiple networking protocols. 


The glueless PCI interface supports 32-bit streaming, operates at speeds up to 33 MHz and is capable of 
internal data transfer rates up to 2 Gbps, taking full advantage of all available PCI bandwidth. The TNETE100 
offers jumperless autoconfiguration using PC! configuration read/write cycles. Customizable configuration 
registers, which can be autoloaded from an external serial EEPROM, allow designers of TNETE100-based 
systems to give their systems a unique identification code. The TNETE100 PCI interface, developed in 
conjunction with other leaders in the semiconductor and computer industries, has been vigorously tested on 
multiple platforms to ensure compatibility across a wide array of available PCI products. In addition, the 
ThunderLAN drivers and ThunderLAN architecture use Tl’s patented Adaptive Performance. Optimization 
(APO) technology to dynamically adjust critical parameters for minimum latency, minimum host CPU utilization, 
and maximum system performance. This technology ensures that the maximum capabilities of the PCI interface 
are used by automatically tuning the adapter to the specific system in which it is operating. 


The Media Independent Interface (MIl), an industry-standard interface for connecting a variety of external 
IEEE 802.3u physical layer interfaces, is fully supported by the TNETE100. In addition, the TNETE100 features 
an IEEE 802.12-compliant superset of the MIl to allow for support of 100VG-AnyLAN physical layer interfaces. 
This allows TNETE100-based systems to support 100 Base-TX, 100 Base-T4, and 100VG-AnyLAN cabling 
schemes for maximum flexibility as each new physical layer interface becomes available in the marketplace. 


An intelligent protocol handler (PH) implements the serial protocols of the network. The PH is designed for 
minimum overhead related to multiple protocols, using common state machines to implement 95% of the total 
protocol handler. On transmit, the PH serializes data, adds framing and cyclic redundancy check (CRC) fields, 
and interfaces to the network physical layer (PHY) chip. On receive, it provides address recognition, CRC and 
error checking, frame disassembly, and deserialization. Data for multiple channels is passed to and from the 
PH by way of circular buffer FIFOs in the FIFO SRAM. 


ThunderLAN is the first multimedia-ready architecture and is capable of prioritized data regardless of the 
selected protocol. The demand priority protocol supports two priorities of frames, normal and priority. Tne two 
transmit channels provide independent host channels for these two frame types. Carrier-sense multiple access 
with collision detection (CSMA/CD) protocols only support a single priority of frame, but the two channels can 
be used to prioritize network access. All received frames pass through the single receive channel. 


Compliant with IEEE Standard 1149.1 (JTAG), the TNETE100 provides a 5-pin test-access port that is used for 
boundary-scan testing. 


The TNETE100 is available in a 144-pin quad flat package. 
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PAD24 11 O 
PC/BE3 [le 


PC/BE1 [f 28 
PAD15 [] 29 
PAD14 Li 30 

Vssi Y 31 
PAD13 [] 32 
PAD12 Lf 33 

Vppi 4 34 
PAD11 [$35 
PAD10 Uj 36 


1441] PAD25 
1431] PAD26 
1421) VppI 





VDDL [{f 37 
PAD [I 38 
PADS [] 39 
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PCE PACKAGE 
(TOP VIEW) 


Or, Q O O 
= = aibse a - x, —FK2S0s4 0NT OFA cH 
a5 922 58h ges abe gngde abs ge SB REE BS BS 
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TIHHSHSHKBSSSHSSSARAAGAKRAARSS ESSE LSLELS 






































Vssi [] 40 
PC/BEO [] 41 
PAD7 [] 42 
PAD6 [| 43 
Vss_ 9) 4 
PADS [] 45 
PAD4 [} 46 
PADS [} 47 
Vopi 48 
PAD2 [f 49 
PAD1 [f 50 
PADO [] 51 
Vssi [p52 
PCLKRUN [f 53 
EAD7[ 
EAD6[ 
EAD5[] 56 
EAD4[] 
VppL [J 58 
EAD3 [] 
EAD2[ 
EAD1 1] 61 
EADOL 
VSsL [] 63 
EOE [] 64 
EALE [4 65 
EXLE (166 
Vgsi [] 67 
EDCLK f] 68 
EDIO J 69 
VppI {f 70 
MTCLK [ff 71 
MTXDO ff 72 
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functional block diagram 

























rp--—-—--—-----—----------- 
aa TNETE100 
TRST | (ThunderLAN) 
IEEE TMS Ly - © 
1149.1 Test-Access 
Test- = OER ally Port 
Access TDO | (TAP) 
ST 
Port |" tpl i. 
| 
| 10-Mbps 
| PCI . Ethernet 
| Interface Physical 
PCIIF Layer 
| (PHY) 
| Interface 
| 
| 
Configuration EDCLK | Ss 
EEPROM EDIO 
Interface Ps 
v 
e 
BIOSROM |. 1 FPREGs 
ona EXLE | (FIFO 
LED I/F EALE et ee ct 
EOE Interface egisters) 
Address FSRAM 
and Data . (FIFO SRAM) 
PPAR 3x 128 
| Byte List 
— : 64 | 45K-Byte | &4 
Rx Buffer 
PIRDY 
Interface 
a | M 0.75K-Byte 
one PSTOP DMA a Tx Buffer 
PDEVSEL s 
ae Controller t 0.75K-Byte 
| 3] Tx Buffer 
r 
PPERR 
Error 
Reporting PSERR | 
| 
PREQ 
Bus | 
Arbitration PGNT 
(“ PCLK | 
System | PCLKRUN | 
Control PRST 
PINTA | 
| 








AXMTP 
AXMTN 
ARCVP 


_ARCVN 


ACOLP 
ACOLN 
FXMTP 
FXMTN 
FRCVP 
FRCVN 
FXTL1 
FXTL2 
FIREF 
FATEST 


MTCLK — 


MTXEN 
MTXER 
MCOL 





MCRS 
MRCLK 
MRXDV 
MRXER 
MDCLK 

MDIO 

MRST 


AUI 
Interface 


10 Base-T 
Interface 
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Pin Functions 


TYPET DESCRIPTION 


TEST PORT 


Test clock. TCLK is used to clock state information and test data into and out of the device during 
operation of the test port. 
Test data input. TDI is used to serially shift test data and test instructions into the device during 
operation of the test port. 
Test data output. TDO is used to serially shift test data and test instructions out of the device during 
operation of the test port. 














Test mode select. TMS is used to control the state of the test port controller within TNETE100. 
Test reset. TRST is used for asynchronous reset of the test port controller. 


PCI INTERFACE 





PCI address/data bus. Byte 3 (most significant) of the PCI address/data bus. 





PCI address/data bus. Byte 2 of the PCI address/data bus. 





ADVANCE INFORMATION 


PCI address/data bus. Byte 1 of the PC! address/data bus. 





T| = input, O = output, |/O = 3-state input/output 
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Pin Functions (Continued) 


TYPET DESCRIPTION 


NAME NO. 
PCI INTERFACE (CONTINUED) 


PAD7 | 

PAD6 . : 
PAD5 

PAD4 | a | 

PADS ‘PCI address/data bus. Byte 0 (least significant) of the PC! address/data bus. 
PAD2 | | : 

PAD1 | 

PADO 





PCl clock. PCLK is the clock reference for all PCI bus operations. All other PCI pins except PRST and 
PINTA are sampled on the rising edge of PCLK. All PC/ bus timing parameters are defined with respect 
to this edge. 


PCLK 








Clock run control. PCLKRUN is the active-low PCI clock request/grant signal that allows the 
TNETE100 to indicate when an active PCI clock is required. (This is an open drain.) 


PCI bus command and byte enables. PC/BE3 enables byte 3 (MSB) of the PC/BE pins. 
PCl bus command and byte enables. PC/BE2 enables byte 2 of PCI address/data bus. 
PCl bus command and byte enables. PC/BE1 enables byte 1 of PC] address/data bus. 
PCI bus command and byte enables. PC/BEO enables byte 0 of PC! address/data bus. 


PCI device select. PDEVSEL indicates that the driving device has decoded one of its addresses as . 
the target of the current access. The TNETE100 drives PDEVSEL when it decodes an access to one 
of its registers. As a bus master, the TNETE100 monitors PDEVSEL to detect accesses to illegal 
memory addresses. 


PCI cycle frame. PFRAME is driven by the active bus master to indicate the beginning and duration 


PDEVSEL 
of an access. Itis asserted to indicate the start of a bus transaction. PFRAME remains asserted during 


PFRAME 1/O 
the transaction, only being deasserted in the final data phase. 
PGNT PCI bus grant. PGNT is asserted by the system arbiter to indicate that the TNETE100 has been granted 
control of the PCI bus. 


PIDSEL +—— PCI initialization device select. PIDSEL is.the chip select for access to PCI configuration registers. 


PINTA 128 O/D PCI interrupt. PINTA is the interrupt request from the TNETE100. PCI interrupts are shared, so this is 
an open-drain (wired-OR) output. 


PCI initiator ready. PIRDY is driven by the active bus master to indicate that it is ready to complete the 
current data phase of a transaction. A data phase is not completed until both PIRDY and PTRDY are 
sampled asserted. When the TNETE100 is abus master, it uses PIRDY to align incoming data on reads 







cael 


PCLKRUN 1/Ot 


PC/BE3 






PC/BE2 


PC/BE1 
PC/BEO 















































ne or outgoing data on writes with its internal RAM access synchronization (maximum one cycle at the 
beginning of burst). When the TNETE100 is a bus slave, it extends the access appropriately until both 
PIRDY and PTRDY are asserted. . 
PCI target ready. PTRDY is driven by the selected device (bus slave or target) to indicate that it is ready 
0 to complete the current data phase of a transaction. A data phase is not completed until both PIRDY 









and PTRDY are sampled asserted. 
ThunderLAN uses PTRDY to ensure every direct I/O (DIO) operation is correctly interlocked. 


PPAR 97 1/0 PCI parity. PPAR carries even parity across PAD[O-31] and PC/ BE[0—3]. It is driven by the TNETE100 
: during all address and write cycles as a bus master and during all read cycles as a bus slave. 


PPERR 24 PCI parity error. PPERR indicates a data parity error on all PCI transactions except special cycles. 


T | = input, |/O = 3-state input/output, O/D = open-drain output 
+ Open drain 
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Pin Functions (Continued) 


TYPET DESCRIPTION 


PCI INTERFACE (CONTINUED) 


O PCI bus request. PREQ is asserted by the TNETE100 to request control of the PCI bus. This is not a 
shared signal 









a 
# 
m 
O 
@ 

BR 


PCI reset signal. . 
PCI system error. PSERR indicates parity errors, or special cycle data parity errors. 


0 
pe) 
7) 
=f 
NO 
o 









/ 
O/ 
1/O PCI stop. PSTOP indicates the current target is requesting the master to stop the current transaction. 


BIOS ROM/LED DRIVER INTERFACE 


EPROM address/data. EAD[0-7] is a multiplexed byte bus that is used to address and read data from 
an external BIOS ROM. 
e On the cycle when EXLE is asserted low, EAD[0-7] is driven with the high byte of the 
address. 
e On the cycle when EALE is asserted low, EAD[0—7] is driven with the low byte of the 
address. 
e When EOE is asserted, BIOS ROM data should be placed on the bus. 
These pins can also be used to drive external status LEDs. Low-current (2—5 mA) LEDs can be 
connected directly (through appropriate resistors). High-current LEDs can be driven through buffers 
or from the BIOS ROM address latches. 


EPROM address latch enable. EALE is driven low to latch the low (least significant) byte of the BIOS 
ROM address from EAD[O-7]. | 


EPROM output enable. When EOE is active (low) EAD[O—7] is 3-stated and the output of the BIOS 
ROM should be placed on EAD[0-7]. 


EPROM extended address latch enable. EXLE is driven low to latch the high (most significant) byte 
of the BIOS ROM address from EAD[0-7]. 


0 
” 
m 
D 
D 
N 
(on) 

E 










v 
n” 
ma 
Oo 
Uv 
N 
ow 









































CONFIGURATION EEPROM INTERFACE 
8 
69 


EEPROM data clock. EDCLK transfers serial clocked data to the 2K-bit serial EEPROMs (24C02) (see 
Note 1). 


EEPROM data I/O. EDIO is the bidirectional serial data/ address line to the 2K-bit serial EEPROM 
(24C02). EDIO requires an external pullup for EEPROM operation. Tying EDIO to ground disables the 
EEPROM interface and prevents autoconfiguration of the PCI configuration register. 





EDCLK . 6 
EDIO I/O 


MEDIA INDEPENDENT INTERFACE (100-Mbps CSMA/CD AND DEMAND PRIORITY) 


MCOL 


















Collision sense 
e In CSMA/CD mode, assertion of MCOL indicates a network collision. 
e Indemand priority mode, MCOL (active low) is used to acknowledge a transmission request. 
The TNETE100 begins frame transmission 50 MTCLK cycles after the assertion (low) of MCOL. 


Carrier sense. MCRS indicates a frame carrier signal is being received. 


MCRS 8 
Management data clock. MDCLK is part of the serial management interface to physical media 


MDCLK 9 independent (PMI)/PHY chip. 


80 
1 
1 ' 
MDIO 93 1/0 Management data |/O. MDIO is part of the serial management interface to PMI/PHY chip. 
MRCLK 82 Receive clock. MRCLK is the receive clock source from the attached PHY and PMI device. 
MRST 95 Mil reset. MRST is the reset signal to the PMI/PHY front-end (active low). 
| 

















tT | = input, O = output, |/O = 3-state input/output, O/D = open-drain output 
NOTE 1: This pin should be tied to Vpp with a 4.7-kQ — 10-kQ pullup resistor. 
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Pin Functions (Continued) 7 


eee | een Fer | DESCRIPTION | 


MEDIA INDEPENDENT INTERFACE (100-Mbps CSMA/CD AND DEMAND PRIORITY) (CONTINUED) 


Receive data. MRXD[0—3] is the nibble receive data from the physical media dependent (PMD) 
front end. In demand priority mode, ThunderLAN reads the frame priority of incoming frames on these 
pins on the cycle before assertion of MRXDV (the cycle before frame reception begins). __ 
e MRXD1 indicates the transmission priority of the received frame. A value of zero indicates 
normal transmission, and a value of one indicates priority transmission. 
Data on these pins is always synchronous to MRCLK. 


MRXDV | 89 Receive data valid. MRXDV indicates data on MRXD[0—3] is valid. 
MRXER 90 Receive error. MRXER indicates reception of a coding error on received data. 
MTCLK 71 Transmit clock. MTCLK is the transmit clock source from the attached PHY and PMI device. 


Transmit data. MTXD[0—3] is the nibble transmit data from TNETE100; when MTXEN is asserted 
these pins carry transmit data. In demand priority mode, the TNETE100 drives the request state of the 
adapter on these pins when MXTEN is not asserted (frame transmission not in progress). 
e MXTDO asserted indicates the. TNETE100 is requesting frame transmission. 
e MXTD1 indicates the transmission priority required. A value of zero indicates normal 
transmission, and a value of one priority transmission. 
Data on these pins is always synchronous to MTCLK. 


Transmit error. MTXER allows coding errors to be propagated across the Ml. 
Transmit enable. MXTEN indicates valid transmit data on MTXD[0-3]. 


NETWORK INTERFACE (10 Base-T AND AUIl) 


AUI receive pair. ACOLN and ACOLP are differential line receiver inputs and connect to receive pair 
via transformer isolation, etc. 
































MTXER 78 
7 


MXTEN 7 


ACOLN 111 A 
ACOLP 109 


ARCVN 108 AUI receive pair. ARCVN and ARCVP are differential line receiver inputs and connect to receive pair | 
ARCVP 106 via transformer isolation, etc. 


AXMTP e AUI transmit pair. AXMTP and AXMTN are differential line transmitter outputs. | 


AXMTN 100 
FATEST 118 Analog test pin: FATEST provides access to the filter of the reference PLL. 


FIREF 116 Current reference. FIREF is used to set a current reference for the analog circuitry. 
: 

























FONLY 42 Front-end only pin. When FONLY is tied high, all TNETE100 functions other than the on-chip front end 


are disabled. The MIl interface pins allow the PHY to be used as a stand-alone 10 Base-T front end. 
FRCVN 105 


FRCOVP 103 


FXTL4 113 
FXTL2 


FXMTP 
FXMTN 98 





10 Base-T transmit pair. FRCVN and FRCVP are differential line receiver inputs and connect to receive 
| pair via transformer isolation, etc. 







NOILVINUOSNI JONVAGV 








tT | = input, O = output, A = Analog 
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Pin Functions (Continued) 


TYPEt DESCRIPTION 


PCI Vpp pins. Vpp) pins provide power for the PCI I/O pin drivers. Connect Vpp) pins to a 5-volt power 
| supply when using 5-V signals on the PCI bus. Connect Vpp| pins to a 3-volt power supply when using 
3-V signals on the PCI bus. 

























V = PWR Logic Vpp pins (5 V). VppL pins provide power for internal TNETE100 logic, and they should always 
DDL a be connected to 5 V. 
94, 130 
VDDOSC 115 Analog power pin. Vpposc is the 5-V power for the crystal oscillator circuit. 
VDDR he PWR_ | Analog power pin. Vppp is the 5-V power for the receiver circuitry. 











VDDT 96 Analog power pin. VppT is the 5-V power for the transmitter circuitry. 
VDDVCO 117 Analog power pin. VppVCo is the 5-V power for the voltage controller oscillator (VCO) and filter input. 







» Of,” PCI |/O ground pins 
VSSL 63, 75, PWR _ {| Logic ground pins 
92, 133 
VSSOSC © 112 PWR _ | Analog power pin. Ground for crystal oscillator circuit 
VSsSR ie PWR _ | Analog power pin. Ground for receiver circuitry 
VSST 101 Analog power pin. Ground for transmitter circuitry 
VSSVCO 119 Analog power pin. Ground for VCO and filter input 
tT PWR = power 
architecture 


The major blocks of the TNETE100 include the PCI interface (PCIIF), protocol handler (PH), physical layer 


(PHY), FIFO pointer registers (FPREGS), FIFO SRAM (FSRAM), and a test-access port (TAP). The | 


functionality of these blocks is described in the following sections. 


PCI interface (PCIIF) 


The TNETE100 PCIIF contains a byte-aligning DMA controller that allows frames to be fragmented into any byte 
length and transferred to any byte address while supporting 32-bit data streaming. For multipriority networks 
it can provide multiple data channels, each with separate lists, commands, and status. Data for the channels 
is passed to and from the PH by way of circular buffer FIFOs in the SRAM, controlled through FIFO registers. 
The configuration EEPROM interface (CEI), BIOS ROM/LED driver interface (BRI), configuration and |/O 
memory registers (CIOREGS), and DMA controller are subblocks of the PCIIF. The features of these subblocks 
are as follows: 


configuration EEPROM interface (CEl) 


The CEI provides a means for autoconfiguration of the PCI configuration registers. Certain registers in the PCI 
configuration space may be loaded using the CEI. Autoconfiguration allows builders of TNETE100-based 
systems to customize the contents of these registers to identify their own system, rather than using the TI 
defaults. The EEPROM is read at power up and can then be read from, and written to, under program control. 
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BIOS ROM/LED driver interface (BRI) 


The BRI addresses and reads data from an external BIOS ROM via a multiplexed byte-wide bus. The ROM 
address/data pins can also be multiplexed to drive external status LEDs. 





configuration and I/O memory registers (CIOREGS) — 


The CIOREGS reside in the configuration space, which is 256 bytes in length. The first 64 bytes of the 
configuration space is the header region, which is explicitly defined by the PCI standard. 


DMA controller (DMAC) 


The DMAC is responsible for coordinating TNETE100 requests for mastership of the PCI bus. The DMAC 
provides byte-aligning DMA control allowing byte-size fragmented frames to be transferred to any byte address 
while supporting 32-bit data streaming. 


protocol handler (PH) 


The PH implements the serial protocols of the network. On transmit, it serializes data, adds framing and CRC 
fields, and interfaces to the network PHY. On receive, it provides address recognition, CRC and error checking, 
frame disassembly, and deserialization. Data for multiple channels is passed to and from the PH by way of 
circular buffer FIFOs in the FSRAM controlled through FPREGS. The PH supports a Media Independent 
Interface (MIl) that is compatible with the IEEE 802.12 and IEEE 802.3u logic. 


media independent interface (MIl) 


The Mil provides both MAC-level 100 Base-T (IEEE 802.3u) and 100VG-AnyLAN (IEEE 802.12) controller — 
functions to external PHY chips that handle the PHY layer functions for 100-Mbps CSMA/CD and demand 
priority. The MIl also is used to communicate with the on-chip 10 Base-T PHY. 


10 Base-T physical layer (PHY) 


The PHY acts as an on-chip front-end providing physical layer functions for both 10 Base-5 (AUI) and 10 Base-T 
(twisted pair). The PHY provides Manchester encoding/decoding from MII nibble format data, smart squelch, 
jabber detection, link pulse detection, autopolarity control, 10 Base-T transmission waveshaping, and 
antialiasing filtering. Connection to the AUI drop cable for the 10 Base-T twisted pair is made via simple isolation 
transformers (see Figure 2) and no external filter networks are required. Suitable external termination 
components allow the use of either shielded or unshielded twisted-pair cable (150 Q or 100 {2). Some of the © 
key features of the on-chip PHY are listed below. 


Integrated filters 

Integrated Mil interface including encoder/decoder 

10 Base-T transceiver 

AUI transceiver 

Autopolarity (reverse polarity correction) 

Loopback for twisted pair and AUI 

Full-duplex mode for simultaneous 10 Base-T transmission and reception 
Low power 
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10 Base-T physical layer (continued) 






RJ-45 


PCI < —____ >} TNETE100 


Figure 2. Schematic for 10 Base-T Network Interface Using TNETE100 


FIFO pointer registers (FPREGS) . 


The FPREGS are used to implement circular buffer FIFOs in the SRAM. They are a collection of pointer and 
counter registers used to maintain the FIFO operation. Both the PCIIF and PH use FPREGS to determine where 
to read or write data in the SRAM and to determine how much data the FIFO contains. Unique receive and 
transmit FIFO.registers are needed for each data channel supported. 


FIFO SRAM (FSRAM) 


The FSRAM is a conventional SRAM array accessed synchronously to the PCI bus clock. Access to the RAM 
is allocated on a time-division multiplexed (TDM) basis, rather than through a conventional shared bus. This 
removes the need for bus arbitration and provides guaranteed bandwidth. Half the RAM accesses (every other 
cycle) are allocated to the PCI controller. It has a 64-bit access port to the RAM, giving it 1 Gbps of bandwidth, 
sufficient to support 32-bit data streaming on the PCI bus. The PH has one quarter the RAM accesses, and its 
port may be up to 64 bits wide. A 64-bit port for the PH provides 512 Mbps of bandwidth, more than sufficient 
for a full-duplex 100-Mbps network. The remaining RAM accesses can be allocated toward providing even more 
PH bandwidth. The RAM is also accessible (for diagnostic purposes) from the TNETE100 internal data bus. 
Host DIO (mapped !/O) accesses are used by the host to access internal TNETE100 registers and for adapter 
test. : 


@ 3.375K bytes of FSRAM 
- 1.5K-byte FIFO for receive 
-— Two 0.75K-byte FIFOs for the two transmit channels 
- Three 128-byte lists 
@ In one-channel mode, the two transmit channels are combined giving a single 1.5K-byte FIFO for a single 
transmit channel | 


Supporting 1.5K byte of FIFO per channel allows full frame buffering of Ethernet frames. PCI latency is such 
that a minimum of 500 bytes of storage is required to support 100-Mbps LANs. 
test-access port (TAP) 


Compliant with IEEE Standard 1149.1, the TAP is comprised of five pins that are used to interface serially with 
the device and the board on which it is installed for boundary-scan testing. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Supply voltage range, Vpp (See Note 2) ............ Eats atui antennae At Boise se ® iet ale ies Shove -O0.5Vto7V 
_Input voltage range (see Note 2) ..... ee eee te ee er eee meee te tres reine er er -0.5Vto7V 
Ourputvoliade fande: -<.0.3ccussesnvetwsawes deed tewan cidiwen ain ead ena sadness wienese es -O0.5Vto7V 
Power dissipation ............cc ec ee eee eens sh Se Aleck ahnesars eee, Vas awe ae ate ane een aed aoe s 2W 
Maximum operating case temperature ......... cece cece teen teen ete nee e tee eeteeeeaes 95°C 
Operating free-air temperature range, Ta... 6. eee cece eee ence eee eee eeeeees 0°C to 70°C 
Storage temperature rAnge ........ ccc cee cette eee tee eee tenn eeeeeeneeeees . — 65°C to 150°C 


tT Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 2: Voltage values are with respect to Vss, and all Vss pins should be routed so as to minimize inductance to system ground. 


The recommended operating conditions and the electrical characteristics tables are divided into groups, 
depending on pin function: 


@ PCI interface pins 

@ Logic pins 

@ Physical layer pins 

The PCI signal pins may be operated in one of two modes shown in the PCI tables. 
@ = 5-V signal mode | 

@ 3-V signal mode 


recommended operating conditions (PCI interface pins only) (see Note 3) | 


3-V SIGNALING 5-V SIGNALING 
OPERATION OPERATION | UNIT 


Vpp Supply voltage (PCI) 3 3.3 3. 4.75 5 5.25 V 
: { 









T 
[vit Lowevelinput votage, TThievelsignal @eeNowe4) | -08 ~03xVpp| -08 oe | Vv 
[ou Lowdevel ouput curent Gee Notes) [TrLouputs | ——SS—S—' | SCSCS~—S*d 


ane RERERM RSET ESS ST A SN LTRS 


NOTES: 3. PCI interface pins include Vpp;, PCLKRUN, PFRAME, PTRDY, PIRDY, PSTOP, PDEVSEL, PIDSEL, PPERR, PSERR, PREQ, 
PGNT, PCLK, PPAR, PRST, PINTA, PAD[O-—31], PC/BE[O0-—3], TRST, TMS, TCLK, TDO, TDI. 
4. The algebraic convention, where the more negative (less positive) limit is designated as a minimum, is used for logic-voltage levels 
only. | 
5. Output current of 2 mA is sufficient to drive five low-power Schottky TTL loads or ten advanced low-power Schottky TTL loads (worst 
case). 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (PCI interface pins) 











3-V SIGNALING 5-V SIGNALING 
PARAMETER TEST CONDITIONST aa a Wa UNIT 


High-level output voitage, 
VOH TTL-level signal (see Note 6) *DDSMIN AONE MNS C2. VDD a AC 
Low-level output voltage, 
High-impedance Vpp =MAX, Vo =0V 
output current VpD=MAX, _Vo=Vpp 
Input current, 
! any input or input/output = Ss 0 VDD 


Cj Input capacitance, any input f= 1 MHz, Others at 0 V 


Output capacitance, 
Co any output or input/output ae a Shera ON By 

























t For conditions shown as MIN/MAX, use the.appropriate value specified r the recommended operating conditions. 
NOTE 6: The following signals require an external pullup resistor: SSERR, i: NTA, 
recommended operating conditions (logic pins) (see Note 7) 
Supply voltage (6 V only a 
High-level input voltage ‘en +0.3 re ie, = 
Low-level input voltage, TTL-level signal (see Note 4) —0.3 0.8 Law 
High-level output current TTL outputs a 
Low-level output current (see Note 5) TTL outputs ar ar 
oe Operating free-air temperature re OR Se 
NOTES: 4. Thealgebraic convention, where the more negative (less positive) limit is designated as a minimum, is used for logic-voltage levels | 
only. 
5. Output current of 2 mA is sufficient to drive five low-power Schottky TTL loads or ten advanced low-power Schottky TTL loads (worst 
case). 


7. Logic pins include VDDL. EAD[0-7], EXLE, EALE, EOE, EDCLK, EDIO, FONLY, MTCLK, MTXEN, MTXER, MCOL, MTXD[0-3], 
MRXD{0-3], MCRS, MRCLK, MRXDV, MRXER, MDCLK, MDIO, MRST. 


electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (logic pins) 


PARAMETER TEST CONDITIONST 
VOH _ High-level output voltage, TTL-level signal Vpop = MIN, IOH = MAX 
VoL Low-level output voltage, TTL-level signal Vpp = MAX, = Io. = MAX 


V 
V MIN, V V 
lo High-impedance output current obs Sieiale pA 
a MIN, Vo=0V -10 


[s,m epets eine, oo 


tT For conditions shown as MIN/MAX, use the appropriate value specified under the recommended operating conditions. 













bE 
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recommended operating conditions (physical layer pins) (see Note 8) 


[rarer —SS~SC~CSC~«*dEDEC SYMBOL [MIN NOM MAX ONT 
[Wop Suppiyvotage——SSOSOSCS—SCSSCSC~*dSC as] 
Ta. Receiver input bias votage Gee Note) ———SS~S~S I S~idi Vg ge | 


NOTES: 8. Physicallayerpinsinclude Vpposc: VDpDR: VDDT: VDDVCO, ACOLN, ACOLP, ARCVN, ARCVP, AXMTP, AXMTN, FATEST, FIREF, 
FRCVN, FROVP, FXTL1, FXTL2, FXMTP, and FXMTN. 
9. Vsp is the self-bias voltage of the input pairs ARCVP and ARCVN, ACOLP and ACOLN, and FRCVP and FRCVN. It is defined as 
Vsp=(VSB++VSB-) +2 (where Vsp,. is the self-bias voltage of the positive receive pins; Vsp_ isthe self-bias voltage of the negative 
receive pins). The self-bias voltage of both pins is approximately Vpp + 2. 













electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (physical interface pins) 


10 Base-T receiver input (FRCVP, FRCVN) 


PARAMETER 















JEDEC SYMBOL TEST CONDITIONS . | MIN MAX] UNIT 


Vicuy__Common-mode input voltage CT nT: 
V«OIFE) Diferentalinputvotage ——~—SC~di SSSC*dCOCCSCSC“‘“~“~*~‘idYC(‘ 
(cM) ____Common-mode curren lic SS 


VSQ+ Rising input pair squelch threshold : ee oe Vom=Vss, See Note 10 
VsQ- _ Falling input pair squelch threshold | Vm =Vgp, See Note 10 


NOTE 10: Vgp is the self-bias of the input FRCVP and FRCVN. 
10 Base-T transmitter drive characteristics (FXMTP, FXMTN) 


PARAMETER JEDEC SYMBOL | TESTCONDITIONS | MIN = MAX] UNIT 
Differential output voltage, transmit 2 
Differential uncompensated signal amplitude, 
VO(DIFF)WAV waveshaping active VOD(WAV) es ¥ 


VSLW Differential voltage at specified slew rate VOD(SLEW an sa +2.2 +2.8 
VO(CM Common-mode output voltage Voc sid See Figure 3d 
VO(DIFF Differential voltage output 'Vop sd Into open circuit 








VOC 

VOD 
Vol Output idle differential voltage VOD(IDLE Lee 
ou "Ouput ie cteretial cure iopupuey) |i | 
lo(Fe) aes 


lO(FC) Output current, fault condition 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (physical interface pins) continued) 


AUI receiver input (ARCVP, ARCVN, ACOLP, ACOLN) 


Viewiy _Common-mode input voltage 1 
ViCM2 Common-mode input voltage 2 | 
0 








3 
Vi(DIFF)2 Differential input voltage 2 ViD(2 See Note 13 | 0 100} mv | 
lToactivate |  |SeeNote15, 20ns<X<35ns | -325 -175] mV 
V(SQ) Input squelch threshold pm 
Nottoactivate [EC “175 


NOTES: 11. This parameter means the composite ac signal plus the dc common-mode voltage shall not exceed the indicated limits. These limits 
are peak maximum values and are not to be exceeded. 
12. Common-mode frequency range — 0 Hz to 40 kHz 
13. Common-mode frequency range — 40 kHz to 10 MHz 
14. Input bias over the common mode dc voltage range 
15. This parameter is a range that is allowed to vary over operating conditions. The reference point for the timing period is from the input 
pair reaching -175 mV on the falling edge to reaching —175 mV on the rising edge. — 











AUI transmitter drive characteristics (AXMTP, AXMTN) 


VOKDIFF) Output idle differential voltage opine) | | 
IO\/DIFF) Output idle differential current Hopwotey =o] t—<itstsi‘itisd ml 
nee: 





ADVANCE INFORMATION 










) 
(IDLE) 
) 
VOKDIFF)U Output differential undershoot 
VOI(DIFF)2 Output differential voltage into an open circuit 
lO(FC Output current, fault condition ogc) oT sists 80 fm 


NOTE 16: The differential voltage is measured across a pair of 39-Q, + 1% resistors bypassed to signal ground with a 0.01-yF capacitor. 





PLL characteristics 


PARAMETER TEST CONDITIONS | MIN MAX| UNIT 
VFiLT Reference PLL operating filter voltage te(FXTL1) = 50 ns 0.8 2 


crystal oscillator characteristics 





PARAMETER JEDEC SYMBOL TEST CONDITIONS | MIN MAX | UNIT 


VIB 
; V =V | 
VIF =v | 
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PARAMETER MEASUREMENT INFORMATION 


Outputs are driven to a minimum high-logic level of 2.4 V and to a maximum low-logic level of 0.6 V. These levels 
are compatible with TTL devices. | 


Output transition times are specified as follows: For a high-to-low transition on either an input or output signal, 
the level at which the signal is said to be no longer high is 2 V and the level at which the signal is said to be low 
is 0.8 V. For a low-to-high transition, the level at which the signal is said to be no longer low is 0.8 V and the level 
at which the signal is said to be high is 2 V, as shown below. 


The rise and fall times are not specified but are assumed to be those of standard TTL devices, which are typically 


1.5 ns. 
a 2 V (high) 
a ae —— 0.8 V (low) 
test measurement 


The test-load circuit shown in Figure 3 represents the programmable load of the tester pin electronics that are 
used to verify timing parameters of the TNETE100 output signals. 


IOL 


Test 


VLOAD Point 





(a) TTL OUTPUT TEST LOAD 
| 
| Test 
anee ! Point 
200 Q | 
eit 
(c) FIREF TEST CIRCUIT _ (d) FXMTP AND FXMTN TEST LOAD 
Where: Io. = Refer to lo, in recommended operating conditions 
IOH = Refer to lop in recommended operating conditions 
VLOAD =. 1.5V, typical dc-level verification or 
0.7 V, typical timing verification 
CL = 18 pF, typical load-circuit capacitance 


Figure 3. Test and Load Circuit 
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PCI 5-V and 3.3-V switching characteristics (see Note 17 and Figure 4) 


a Sg 
[YAL__Delay tne, POLK to bused signals vai eee Notes tend SCS 
[va (Pre) Delay time, PCLK o bused signals vad point-to-point (ee Notes 1Bandv@) ———~S~dCi‘ SS 
lon ‘Featioacivedsay SSCS 
fot Aatvetofoatdelay SSS 


NOTES: 17. Some of the timing symbols in this table are not currently listed with EIA or JEDEC standards for semiconductor symbology but are 
consistent with the PCI Local-Bus Specification, Revision 2.0. 
18. Minimum times are measured with a 0-pF equivalent load; maximum times are measured with a 50-pF equivalent load. Actual test 
capacitance may vary, but results should be correlated to these specifications. 
19. PREQandPGNT are point-to-point signals and have different output valid delay and input setup times than do bused signals. PGNT 
has a setup time of 10 ns; PREQ has a setup time of 12 ns. All other signals are bused. 






















PCI 5-V and 3.3-V timing requirements (see Note 17 and Figure 4) 


a a 
[gg Selup ime, bused signals valdto POLK (eeNotw i) SSCS Cd 
Reu(PTe) Setup time to PCLK—pointiowpoint eee Note 19) SSCS dw 
fn Inputhoidtimetiom POLK OSS 
— 
— 
ns 












tc Cycle time, PCLK (see Note 20) 

| 10 Mbps 30 500 
tw(H Pulse duration, PCLK high 
tw(L Pulse duration, PCLK low 


tslew Slew rate, PCLK (see Note 21) 


NOTES: 17. Some ofthe timing symbols in this table are not currently listed with EIA or JEDEC standards for semiconductor symbology but are 

consistent with the PCI Local-Bus Specification, Revision 2.0. 

19. PREQandPGNT are point-to-point signals and have different output valid delay and input setup times than do bused signals. PGNT 
has a setup time of 10 ns; PREQ has a setup time of 12 ns. All other signals are bused. 

20. As arequirement for frame transmission/reception, the minimum PCLK frequency varies with network speed. The clock may only 
be stopped in a low state. 

21. Rise and fall times are specified in terms of the edge rate measured in V/ns. This slew rate must be met across the minimum 
peak-to-peak portion of the clock waveform. 
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2V 
5-V Clock 1.5V 
0.8 V 
0.475 x Vpop 
3.3-V Clock 0.4 <x Vpp 
0.325 x Vpp 
Output 
Delay 
3-State 
Output 





| 
. | | 
Input : oe = Vmax 
| | 


Figure 4. PCI 5-V and 3.3-V Timing 
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Mil receive timing requirements (see Figure 5)tT 


tsu(MRX pins) Setup time, MRXD[0-3], MRXDV, MRXER (see Note 22) 
th(MRX pins Hold time, MTX[0-3], MRXDV, MRXER (see Note 22) 





Mil transmit switching characteristics (see Figure 5)tT 


PARAMETER MIN, MAX] UNIT 
td(MTX pins) _ Delay time, MTCLK to MTXD[0-3], MTXEN, and MTXER outputs (see Note 23) 
tT Both MCRS and MCOL are driven asynchronously by the PHY. 

NOTES: 22. MRXD[0-3] is driven by the PHY on the falling edge of MRXCLK. It is sampled by the reconciliation sublayer synchronous to the 
edge of MRXCLK. MRXD[0-3] timing must be met during clock periods where MRXDV is asserted. MRXDV is asserted and 
deasserted by the PHY on the falling edge of MRXCLK. It is sampled by the reconciliation sublayer synchronous to the rising edge 
of MRXCLK. MRXER is driven by the PHY on the falling edge of MRXCLK. It is sampled by the reconciliation sublayer synchronous 
to the rising edge of MRXCLK. MRXER timing must be met during clock periods when MRXDV is asserted. 

23. MTXD{[0-3] is driven by the reconciliation sublayer synchronous to the MTCLK. MTXEN is asserted and deasserted by the 
reconciliation sublayer synchronous to the MTCLK rising edge. MTXER is driven synchronous to the rising edge of MTCLK. 


MTCLK 


MTxofO-SI. 
MTXEN, 
MTXER 





acount td(MTX pins) 


| 


MRXDI0-3}, 
MRXDV, 
MRXER 





tsu(MRX pins) ——> 


—> [¢— th(MRX pins) 


Figure 5. MIl Transmit and Receive Timing 
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MDIO timing requirements (see Figure 6) | 
ta(MDCLKH-MDIOV) Access time, MDIO valid from MDCLK high (see Note 24) 300 


MDIO switching characteristics (see Figure 7) | 


PARAMETER | MIN MAX | UNIT 










td(MDIOV-MDCLKH) Delay time, MDIO valid to MDCLK high (see Note 25) | 
td(MDGLKH-MDIOX) _ Delay time, MDCLK high to MDIO changing (see Note 25) | a 





NOTES: 24. When the MDIO signal is sourced by the PMI/PHY, it is sampled by TNETE100 synchronous to the rising edge of MDCLK. 
25. MDIO is a bidirectional signal that can be sourced by TNETE100 or the PMI/PHY. When TNETE100 sources the MDIO signal, 
TNETE100 asserts MDIO synchronous to the rising edge of MDCLK. . 


MDCLK ff \ Jf \. 
3 . | 
AX XXXXXX x) (XXX) 
MDIO RESROEEIOK ESS) 


(¢$—_——F_ ta(MDcLKH-MDIOV) 


Figure 6. Management Data I/O Timing (Sourced by PHY) 


MDCLK \ vA \ 
| | . 
| 
| 
. | 


| 
| | , 
— | td(MDIOV-MDCLKH) 
—* — [*— ta(mpcLkKH-mDIOx) 


Figure 7. Management Data I/O Timing (Sourced by TNETE100) 
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BIOS ROM and LED interface timing requirements (see Figure 8)T 


ce eae eenarerniinnemesinacnocnaeromenoamapesnt ane! UNIT 
fgg Seuptimedata—SSOSOSCSCSSSSSSSSSSS 280 ns 
Cue ee ee 


BIOS ROM and LED interface switching characteristics (see Figure 8)t 


PARAMETER | MIN MAX | UNIT 


Delay time, address high byte valid to EXLE low (address high byte setup time for external 

'd(EADV-EXLEL) atch) ns 
Delay time, EXLE low to address high byte invalid (address high byte hold time for external 

'd(EXLEL-EADZ) atch) 10 ns 











td(EADV-EALEL Delay time, address low byte valid to EALE low (address low byte setup time for external latch) ae oe 
EALEL-EADZ Delay time, EALE low to address low byte invalid (address low byte hold time for external latch) 
Access time, address 


F 7 EPROM interface, consisting of 11 pins, requires only two TTL ’373 latches to latch the high and low addresses. 





High Low 
ean =e (sdiress )—K_ ee) 
| 


| | | 
| 
+ tq(EADV-EXLEL) | | 
| : i td(EADV-EALEL) 
ta(EXLEL-EADZ) ty ke : | | 


@— td(EALEL-EADZ) 
| 






EXLE 


EOE 


| 
| 
tsu —> \¢— _— 


Figure 8. BIOS ROM and LED Interface Timing 
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configuration EEPROM interface switching characteristics (see Figure 9) 


~ PARAMETER 
fCLK(EDCLK Clock frequency, EDCLK 


td(EDCLKL-EDIOV) | EDCLK low to EDIO data in valid 
td(EDIO free’ | Time the bus must be free before a new transmission can start | 
td(EDIOV-EDCLKL) Delay time, EDIO valid after EDCLK low (start condition hold time for EEPROM) 
Low period, clock 
twiH High period, clock 
td(EDCLKH-EDIOV) _ Delay time, EDCLK high to EDIO valid (start condition setup time) 
td(EDCLKL-EDIOX) Delay time, EDCLK low to EDIO changing (data out hold time) 
td EDIOV-EDCLKH Delay time, EDIO valid to EDCLK high (data out setup time) 
Rise time, EDIO and EDCLK 
Fall time, EDIO and EDCLK 
td(EDCLKH-EDIOH) Delay time, EDCLK high to EDIO high (stop condition setup time) 
td(EDCLKL-EDIOX) Delay time, EDCLK low to EDIO changing (data in hold time) 


| | | 
| , | * eeeoe | 


==5 <— tf le— twee we tw(L) = Se ie 









| 
| td(EDCLKL-EDIOX) —¢—> | | 
= td(EDCLKH-EDIOV) ! | | td(EDCLKH-EDIOH) ss 
per DOV EOC: 4b tweEDIOKEDELKH) | 
| ooee @ 
EDIO (OUT) Sf 


| | | | 
| | ta(EDIO free) 
| | 
1 : 
| }¢—1- td(EDCLKL-EDIOX) 


aa td(EDCLKL-EDIOV) 
| | 


RO SSSCSC*S 
Fe NY OXY 


Figure 9. Configuration EEPROM Interface Timing 
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crystal oscillator timing requirements (see Figure 10)t 


' Delay time from minimum Vpp high level to first valid FXTL1V full swing period 
d(VDDH-FXTL1V) (see Note 26) . 


MIN 

| 100 

tw(H Pulse duration at FXTL1 high 

twiL Pulse duration at FXTL1 low 

tt Transition time of FXTL1 
to = 50 


Gyole time, FXTL ee eee 
t The FXTL signal may be implemented by either connecting a 20-MHz crystal across the FXTL1 and FXTL2 pins or by driving the FXTL1 from 


a 20-MHz crystal oscillator module. 
NOTE 26: This specification is provided as an aid to board design. This specification is not guaranteed during manufacturing testing. 















Tolerance of FXTL1 input frequency 


ea Minimum Vpp High Level 


V 
oP kd— to —Pi 
— | — (— twih) 
}¢ > ta(VDDH-FXTL1V) | | | = le t 
| 
| | —> t 
fey 


Figure 10. Crystal Oscillator Timing 
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@ Single-Chip Ethernet™ Adapter for the @ cLAN (Configurable LAN) Technology 
Peripheral Component Interconnect (PCI) @ Integrated 10 Base-T and 10 Base-5 (AUI) 
Local Bus Physical Layer Interface 
— 32-Bit PCITt Glueless Host Interface — Single-Chip IEEE 802.3 and Blue Book 
— Compliant With PCI Local-Bus Ethernet-Compliant Solution 

Specification (Revision 2.0) ~- DSP-Based Digital Phase-Locked Loop 
— 33-MHz Operation ~ Smart Squelch Allows for Transparent 
— 3-V or 5-V I/O Operation Link Testing 
— Adaptive Performance Optimization™ - Transmission Waveshaping 
(APO) for Highest Available PCI - Autopolarity (Reverse Polarity 
Bandwidth Correction) 
- High-Performance Bus Master - External/Internal Loopback Including 
Architecture With Byte-Aligning DMA Twisted Pair and AUI 
ania ene essere ences @ Low-Power CMOS Technology 


- Green PC Compatible 


— Plug-and-Play Compatible ~— Microsoft™ Advanced Power 
© Supports 32-Bit Data Streaming on PCI Bus Management 

3 ple cal aa @ EEPROM Interface Supports Jumperless 
aa é he - a Design and Autoconfiguration 

witched Ethernet Compatible © Hardware Statistics Registers for 

@ Full-Duplex Compatible With Independent Management Information Base (MIB) 

Transmit and Receive Channels @ DMTF (Desktop Management Task Force) 
@ No On-Board Memory Required Compatible 
@ Auto-Negotiation (N-Way) Compatible @ IEEE Standard 1149.14 Test Access Port 

(JTAG) 


®@ 144-Pin Quad Flat Package 


FIFO 10 Base-T 10 Base-T 
—<— Registers <— Physical Ethernet 
PCI Ethernet Layer 10 Base-5 


N LAN Interface ‘AU! 
>| Bus Master Controller sick 


Control 
SRAM \ 
FIFO 


Figure 1. ThunderLAN Architecture 





t The PCI Local-Bus Specification, Revision 2.0 should be used as a reference with this document. 

+ EEE Standard 1149.1-1990, IEEE Standard Test-Access Port and Boundary-Scan Architecture 
ThunderLAN and Adaptive Performance Optimization are trademarks of Texas Instruments Incorporated. 
Ethernet is a trademark of Xerox Corporation. 

Microsoft is a trademark of Microsoft Corporation. 





ADVANCE INFORMATION concerns new procacms in the sampling or Copyright © 1995, Texas Instruments Incorporated 
preproduction phase of development. Characteristic data and other } 
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description 


ThunderLANis a high-speed networking architecture that provides a complete PCl-to-10 Base-T/AUI Ethernet 
solution. The TNETE110, one implementation of the ThunderLAN architecture, is an intelligent protocol network 
interface. The ThunderLAN SRAM FIFO-based architecture eliminates the need for external memory and offers 
a single-chip glueless PCI-to-10 Base-T/AUI (IEEE 802.3) solution with an on-board physical layer interface. 


The glueless PCI interface supports 32-bit streaming, operates at speeds up to 33 MHz and:is capable of 
internal data transfer rates up to 2 Gbps, taking full advantage of all available PCI bandwidth. The TNETE110 
offers jumperless autoconfiguration using PCI! configuration read/write cycles. Customizable configuration 


registers, which can be autoloaded from an external serial EEPROM, allow designers of TNETE110-based 


systems to give their systems a unique identification code. The TNETE110 PCI interface, developed in 
conjunction with other leaders in the semiconductor and computer industries, has been vigorously tested on 
multiple platforms to ensure compatibility across a wide array of available PCI products. In addition, the 
ThunderLAN drivers and ThunderLAN architecture use Tl’s patented Adaptive Performance Optimization 
(APO) technology to dynamically adjust critical parameters for minimum latency, minimum host CPU utilization, 
and maximum system performance. This technology ensures that the maximum capabilities of the PCI interface 
are used by automatically tuning the adapter to the specific system in which it is operating. 


An intelligent protocol handler (PH) implements the serial protocols of the network. The PH is designed for 
minimum overhead related to multiple protocols, using common state machines to implement 95% of the total 
protocol handler. On transmit, the PH serializes data, adds framing and cyclic redundancy check (CRC) fields, 
and interfaces to the network physical layer (PHY) chip. On receive, it provides address recognition, CRC and 
error checking, frame disassembly, and deserialization. Data for multiple channels is passed to and from the 
PH by way of circular buffer FIFOs in the FIFO SRAM. 


Compliant with IEEE Standard 1149.1, the TNETE110 provides a 5-pin test-access port that is used for 
boundary-scan testing. 


The TNETE110 is available in a 144-pin sad flat package. 
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PAD24 11 O 108] ARCVN 
PC/BE3 [J 2 107) Vopr 
Vssi 43 106 [J] ARCVP 
PIDSEL [J 4 105] FRCVN 
PAD23 []5 1041} VpprR 
Vopi Y6 103] FRCVP 
PAD22 {7 1021] Vssr 
PAD21 (]8 101} VssT 
PAD20 [I9 100] AXMTN 
Vssi U 991] AXMTP 
PAD19 [ 98 1] FXMTN 
PAD18 [ 971] FXMTP 
PAD17 [ 96) VDDT 
Voor U 951] NC 
PAD16 [ 941] VppL 
PC/BE2 [ 931] NC 
PFRAME [J 92 1 VSsL 
Vss- U 91 {] NC 
PIRDY [ 90] NC 
PTRDY (120 89] NC 
PDEVSEL {J 21 881} Vssi 
VpoL U 22 87] NC 
PSTOP (J 23 861] NC 
PPERR [] 24 851] NC 
PSERR [f 25 841} VppL 
Vss) U 26 83] NC 
PPAR [} 27 821] NC 
PC/BE1 {I 28 811] NC 
PAD15 []29 801] NC 
PAD14 [130 791) Vppi 
Vssi YU 31 78 f) NC 
PAD13 [] 32 771) NC 
PAD12 {133 767) NC 
Vopi 434 7H Vss- 
PAD11 {35 740) NC 
PAD10 [1.36 731 NC 





VDDL [] 37 
PADQ [f 38 
PADS [] 39 
Vssi {f 40 
PC/BEO [] 41 
PAD7 [42 
PAD6 [] 43 
Vss_ (44 
PADS5 (1 45 
PAD4 [] 46 
PAD3 [47 
Vppi 4 48 
PAD2 [f 49 
PAD1 [] 50 
PADO [f 51 
Vssi Yj 52 
PCLKRUN [f 53 
EAD7[ 
EAD6 [] 55 
EAD5 [] 56 
EAD4[ 
VppL 0) 58 
EAD3f] 
EAD2 [i 60 
EAD1(f 61 
EADOTL 
VSSsL [] 63 
EOE [} 64 
EALE [] 65 


EXLE [] 66 


Vssi [] 67 
EDCLK [468 


EDIO [{} 69 


VppI {] 70 


NC 71 





NC {fj 72 
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functional block diagram 


IEEE 
1149.1 
Test- 
Access 
Port 


Configuration 


BIOS ROM 


Interface 


and 
LED I/F 


Address 
and Data 


Arbitration 


System 
Control 


1 
| 
=| 
i 
t 


EDCLK 


EDIO 


EOE 











TNETE110 
(ThunderLAN) 
10-Mbps 
PCI Ethernet 
Interface Physical 
_ (PCIIF) Layer 
(PHY) 







Config Interface 
~&UO 
Memory 


Registers 










Config 
EEPROM 
Interface 





o<o—-@. 










FIFO 
Pointer 
Registers 


Interface (FPREGs) 


Protocol 


0.75K-Byte 
Tx Buffer 


DMA 
Controller 





0.75K-Byte 
Tx Buffer 
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AXMTP | 
_AXMTN , 


ARCVP 
ARCVN 
ACOLP 
ACOLN 
FXMTP 


_FXMTN . 
_FRCVP 


FRCVN 
FXTL1 
FXTL2 


FIREF | 


FATEST 


AUI 
Interface 


10 Base-T 
Interface 
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Pin Functions 


TYPET DESCRIPTION 


TEST PORT 










Test clock. TCLK is used to clock state information and test data into and out of the device during 










= 
” 
no 
[ee) 


M 


Test reset. TRST is used for asynchronous reset of the test port controller. 


PCI INTERFACE 


Test mode select. TMS is used to control the state of the test port controller within TNETE110 


4 
Be) 
77) 
4 


121 


bei ies ex operation of the test port. 

TDI 126 Test data input. TD! is used to serially shift test data and test instructions into the device during 
operation of the test port. 

TDO 425 Test data output. TDO is used to serially shift test data and test instructions out of the device during 
operation of the test port. 





PAD31 135 
PAD30 137 
PAD29 138 


anes tty 1/O PCI address/data bus. Byte 3 (most significant) of the PCI address/data bus. 
PAD27 141 
PAD20 SS) 
1/O PCI address/ data bus. Byte 2 of the PCI address/data bus. 
PAD19 11 
PAD16 15 
PAD15 29 
PAD13 32 
PAD12 33 
1/0 PCI address/data bus. Byte 1 of the PC! address/data bus. 


PAD11 5 
PAD10 36 
PAD9 38 
PAD8 39 
T | = input, O = output, |/O = 3-state input/output 





| 
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Pin Functions (Continued) 


DESCRIPTION 


PCI INTERFACE pCONTINEER) 



















PAD7 
PAD6 
PAD5 
PAD4 46 
PAD3 47 
PAD2 
PAD1 
PADO 







PCI address/data bus. Byte 0 (least significant) of the PC! address/data bus. 








PCI clock. PCLK is the clock reference for all PCI bus operations. All other PCI pins except PRST and 
PINTA are sampled on the rising edge of PCLK. All PCI bus timing parameters are defined with respect 
to this edge. 












Clock run control. PCLKRUN is the active-low PCI clock request/grant signal that allows the 
TNETE110 to indicate when an active PCI clock is required. (This is an open drain.) 


PCI bus command and byte enables. PC/BE3 enables byte 3 (MSB) of the PC/BE pins. 
PCI bus command and byte enables. PC/BE2 enables byte 2 of PCI address/data bus. 
PCI bus command and byte enables. PC/BE1 enables byte 1 of PCI address/data bus. 
PCI bus command and byte enables. PC/BEO enables byte 0 of PC! address/data bus. 


PCI device select. PDEVSEL indicates that the driving device has decoded one of its addresses as 
the target of the current access. The TNETE110 drives PDEVSEL when it decodes an access to one 
of its registers. As a bus master, the TNETE110 monitors PDEVSEL to detect accesses to. illegal 
memory addresses. 
























PCI cycle frame. PFRAME is driven by the active bus master to indicate the beginning and duration 
of an access. It is asserted to indicate the start of a bus transaction. PFRAME remains asserted during 
the transaction, only being deasserted in the final data phase. 


PCl bus grant. PGNT is asserted by the system arbiter to indicate that the TNETE110 has been granted 
control of the PCI bus. 


PCI initialization device select. PIDSEL is the chip select for access to PCI configuration registers. 


PCI interrupt. PINTA is the interrupt request from the TNETE110. PCI interrupts are shared, so this is 
an open-drain (wired-OR) output. 




















PCI initiator ready. PIRDY is driven by the active bus master to indicate that it is ready to complete the 
current data phase of a transaction. A data phase is not completed until both PIRDY and PTRDY are 
sampled asserted. When the TNETE110is abus master, it uses PIRDY to align incoming data on reads 
or outgoing data on writes with its internal RAM access synchronization (maximum one cycle at the | 
beginning of burst). When the TNETE110 is a bus slave, it extends the access appropriately until both 
PIRDY and PTRDY are asserted. 


PCl target ready. PTRDY is driven by the selected device (bus slave or target) to indicate that it is ready 
to complete the current data phase of a transaction. A data phase is not completed until both PIRDY 
and PTRDY are sampled asserted. 

ThunderLAN uses PTRDY to ensure every direct I/O (DIO) operation is correctly interlocked. 


PCI parity. PPAR carries even parity across PAD[O—31] and PC/BE[0-3]. Itis driven by the TNETE110 
during all address and write cycles as a bus master and during all read cycles as a bus slave. 


PCI parity error. PPERR indicates a data parity error on all PCI transactions except special cycles. 


T | = input, 1/O = 3- state mary I O/D = open-drain output 
+ Open drain 
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Pin Functions (Continued) 


[NAME no] TYPET iepispelueg 


: PCI INTERFACE (CONTINUED) 


PREO 134 1/0 PCI bus request. PREQ is asserted by the TNETE110 to request control of the PCI bus. This is not a 
shared signal. . 


PRST 129 els PCI reset signal. 
RR | PCI system error. PSERR indicates parity errors, or special cycle data parity errors. 


PSTOP —si(ti‘été OB; 1/0 











PCl stop. PSTOP indicates the current target is requesting the master to stop the current transaction. 
BIOS ROM/LED DRIVER INTERFACE 


EPROM address/data. EAD[0—7] is a multiplexed byte bus that is used to address and read data from 
an external BIOS ROM. 
e On the cycle when EXLE is asserted low, EAD[O—7] is driven with the high byte of the 
address. 
e Onthe cycle when EALE is asserted low, EAD[O—7] is driven with the low byte of the 
address. 
e When EOE is asserted, BIOS ROM data should be placed on the bus. 
These pins can also be used to drive external status LEDs. Low-current (2—5 mA) LEDs can be 
connected directly (through appropriate resistors). High-current LEDs can be driven through buffers 
or from the BIOS ROM address latches. 















1/O 







EPROM address latch enable. EALE is driven low to latch the low (least significant) byte of the BIOS 
ROM address from EAD{[0O-7]. 4 


EPROM output enable. When EOE is active (low) EAD[O—7] is 3-stated and the output of the BIOS 
ROM should be placed on EAD[0—-7}. 


Mm 
> 
— 
m 
fe) 
oO 


64 


EPROM extended address latch enable. EXLE is driven low to latch the high (most significant) byte 
of the BIOS ROM address from EAD[O-7]. , 


m 
x< 
e 
m 


66 


EDCLK 68 
EDIO 69 1/O 


Mm 
4 
m 


CONFIGURATION EEPROM INTERFACE 


EEPROM data clock. EDCLK transfers serial clocked data to the 2K-bit serial EEPROMs (24C02) (see 
Note 1). 


EEPROM data I/O. EDIO is the bidirectional serial data/ address line to the 2K-bit serial EEPROM 
(24C02). EDIO requires an external pullup for EEPROM operation. Tying EDIO to ground disables the 
EEPROM interface and prevents autoconfiguration of the PCI configuration register. 


NETWORK INTERFACE (10 Base-T AND AUl) 






















ACOLN 114 AUI receive pair. ACOLN and ACOLP are differential line receiver inputs and connect to receive pair 
ACOLP 109 via transformer isolation, etc. 

ARCVN 108 AUI receive pair. ARCVN and ARCVP are differential line receiver inputs and connect to receive pair 
ARCVP 106 via transformer isolation, etc. 

AXMTP 99 pct 

AXMTN 100 AUI transmit pair. AXMTP and AXMTN are differential line transmitter outputs 


FATEST 118 


Analog test pin. FATEST provides access to the filter of the reference PLL. 
FIREF 116 ircuitry. 


Current reference. FIREF is used to set a current reference for the analog circuitry 


FRCOVN 105 10 Base-T transmit pair. FRCVN and FRCVP are differential line receiver inputs and connectto receive | 
FRCVP 103 pair via transformer isolation, etc. 

FXTL1 113 Crystal oscillator pins. Connect 20-MHz crystal across these two pins, or drive FXTL1 from a 20-MHz 
FXTL2 114 crystal oscillator module. . 





T | = input, O = output, |/O = 3-state input/output, O/D = open-drain output, A = analog 
NOTE 1: This pin should be tied to Vpp with a 4.7-kQ — 10-kQ pullup resistor. 
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Pin Functions (Continued) 


nae, eneenS ee ees 


NETWORK INTERFACE (10 Base-T AND AUI) (CONTINUED) 























| PCI Vpp pins. Vpp| pins provide power for the PCI I/O pin drivers. Connect Vpp| pins to a 5-volt power 
supply when using 5-V signals on the PCI bus. Connect Vpp| pins to a 3-volt power supply when using 
3-V signals on the PCI bus. 


Logic Vpp pins (5 V). VppL pins provide power for internal TNETE110 logic, and they should always 
be connected to 5 V. 


Analog power pin. Vpposc is the 5-V power for the crystal oscillator circuit. . 





















VDDOSC 115 


104 
VDDR 107 


VpDT 96 | 
| VDDVCO 7 


3, 10, 


Analog power pin. Vppr is the 5-V power for the receiver circuitry 


Analog power pin. VppT is the 5-V power for the transmitter circuitry. . 
Analog power pin. Vppvco is the 5-V power for the voltage controller oscillator (VCO) and filter input. 


~ PWR 








PCI 1/O ground pins 







Logic ground pins 









VSSOSC 112 


102 
VSSR 110 


VSSVCO 119 


T| = input, A = analog, PWR = power 






Analog power pin. Ground for crystal oscillator circuit 


Analog power pin. Ground for receiver circuitry . 







Analog power pin. Ground for transmitter circuitry . 


Analog power pin. Ground for VCO and filter input 





architecture 


The major blocks of the TNETE110 include the PCI interface (PCIIF), protocol handler (PH), physical layer 
(PHY), FIFO pointer registers (FPREGS), FIFO SRAM (FSRAM), and a test-access port (TAP). The 
functionality of these blocks is described in the following sections. 
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PCI interface (PCIIF) 


The TNETE110 PCIIF contains a byte-aligning DMA controller that allows frames to be fragmented into any byte 
length and transferred to any byte address while supporting 32-bit data streaming. For multipriority networks 
it can provide multiple data channels, each with separate lists, commands, and status. Data for the channels 
is passed to and from the PH by way of circular buffer FIFOs in the SRAM, controlled through FIFO registers. 
The configuration EEPROM interface (CEI), BIOS ROM/LED driver interface (BRI), configuration and |/O 
memory registers (CIOREGS), and DMA controller are subblocks of the PCIIF. The features of these subblocks 
are as follows: 


configuration EEPROM interface (CEl) 


The CEI provides a means for autoconfiguration of the PCI configuration registers. Certain registers in the PCI 
configuration space may be loaded using the CEI. Autoconfiguration allows builders of TNETE110-based 
systems to customize the contents of these registers to identify their own system, rather than using the TI 
defaults. The EEPROM is read at power up and can then be read from, and written to, under program control. 


BIOS ROM/LED driver interface (BRI) 


The BRI addresses and reads data from an external BIOS ROM via a multiplexed byte-wide bus. The ROM 
address/data pins can also be multiplexed to drive external status LEDs. 


configuration and |/O memory registers (CIOREGS) 


The CIOREGS reside in the configuration space, which is 256 bytes in length. The first 64 bytes of the 
configuration space is the header region, which is explicitly defined by the PCI standard. 


DMA controller (DMAC) 


The DMAC is responsible for coordinating TNETE110 requests for mastership of the PCI bus. The DMAC 
provides byte-aligning DMA control allowing byte-size fragmented frames to be transferred to any byte address 
while supporting 32-bit data streaming. 


protocol handler (PH) 


The PH implements the serial protocols of the network. On transmit, it serializes data, adds framing and CRC 
fields, and interfaces to the network PHY. On receive, it provides address recognition, CRC and error checking, 
frame disassembly, and deserialization. Data for multiple channels is passed to and from the PH by way of 
circular buffer FIFOs in the FSRAM controlled through FPREGS. 


10 Base-T physical layer (PHY) 


The PHY acts as an on-chip front-end providing physical layer functions for both 10 Base-5 (AUI) and 10 Base-T 
(twisted pair). The PHY provides Manchester encoding/decoding from smart squelch, jabber detection, link 
pulse detection, autopolarity control, 10 Base-T transmission waveshaping, and antialiasing filtering. 
Connection to the AUI drop cable for the 10 Base-T twisted pair is made via simple isolation transformers (see 
Figure 2) and no external filter networks are required. Suitable external termination components allow the use 
of either shielded or unshielded twisted-pair cable (150 Q or 100 Q). Some of the key features of the on-chip 
PHY are listed below. 


@ Integrated filters 

10 Base-T transceiver 

AUI transceiver 

Autopolarity (reverse polarity correction) 

Loopback for twisted pair and AUI 

Full-duplex mode for simultaneous 10 Base-T transmission and reception 
Low power | 
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10 Base-T physical layer (continued) 







< | TNETE110 


Figure 2. Schematic for 10 Base-T Network Interface Using TNETE110 


_ FIFO pointer registers (FPREGS) 


The FPREGS are used to implement circular buffer FIFOs in the SRAM. They are a collection of pointer and 
counter registers used to maintain the FIFO operation. Both the PCIIF and PH use FPREGS to determine where 
to read or write data in the SRAM and to determine how much data the FIFO contains. 


FIFO SRAM (FSRAM) 


The FSRAM is a conventional SRAM array accessed synchronously to the PCI bus clock. Access to the RAM 
is allocated on a time-division multiplexed (TDM) basis, rather than through a conventional shared bus. This 
removes the need for bus arbitration and provides guaranteed bandwidth. Half the RAM accesses (every other 
cycle) are allocated to the PCI controller. It has a 64-bit access port to the RAM, giving it 1 Gbps of bandwidth, 
sufficient to support 32-bit data streaming on the PCI bus. The PH has one quarter the RAM accesses, and its 
port may be up to 64 bits wide. A 64-bit port for the PH provides 512 Mbps of bandwidth, more than sufficient 
for a full-duplex 100-Mbps network. The remaining RAM accesses can be allocated toward providing even more 
PH bandwidth. The RAM is also accessible (for diagnostic purposes) from the TNETE110 internal data bus. Host 
DIO (mapped I/O) accesses are used by the host to access internal TNETE110 registers and for adapter test. 


@ 3.375K bytes of FSRAM 
-  1.5K-byte FIFO for receive channel 
— One 1.5K-byte FIFO for transmit channel 
- Three 128-byte lists 


Supporting 1.5K byte of FIFO per channel allows full frame buffering of Ethernet frames. 


test-access port (TAP) 


Compliant with IEEE Standard 1149.1, the TAP is comprised of five pins that are used to interface serially with 
the device and the board on which it is installed for boundary-scan testing. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Supply voltage range, Vpp (see Note 2)... 2... eee eee eee eee ener eee eeee -0.5Vto7V 
Input voltage range (See Note 2) 2.1... .. ccc ccc cece cee tee cee e eee ee en eee eneneas -O0.5Vto7V 
Output VONaGe Tage: icc cicecgc trea shces ee tawes nS i hs eae aes Ge bee ee ie ee a -O05Vto7V 
Power dissipation ..... Ra tREd bret COREA ae Rd be ee REGS EA Pee Ree RAR a eee eae eta eA 2W 
Maximum operating Case temperature .......... ccc cece eee ee een tenn ene ee eneees 95°C 
Operating free-air temperature range, Ta ...... cece cc cece cnet e eee e een eeaes O°C to 70°C 
Storade temperature fande: 45s ska. sta ane te soss Ben buse saa inwwat vide tees bed Ba eaees — 65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 2: Voltage values are with respect to Vss, and all Vss pins should be routed so as to minimize inductance to system ground. 


The recommended operating conditions and the electrical characteristics tables are divided into groups, 
depending on pin function: 


@ PCI interface pins 
@ Logic pins 
@ Physical layer pins 


_ The PCI signal pins may be operated in one of two modes shown in the PCI tables. 


@ 5-V signal mode 
@ 3-V signal mode 


recommended operating conditions (PCI interface pins) (see Note 3) 


3-V SIGNALING 5-V SIGNALING 
OPERATION OPERATION UNIT 
Vpp_ Supply voltage (PCI) | 3 4.75 5 5.25 a 
Vi} _ High-level input voltage 0.5 x Vpp Vpp+0.5 | 2.0 Vpp+0.5 


V 
V 
-|Vi_ Low-level input voltage, TTL-level signal (see Note 4) —0.5 0.3xVpp] 0.5 0.8 V 
a 
Low-level output current 
OL eee Note) Se 
0 °C 
PREQ, 














ADVANCE INFORMATION 


3.3 3.6 
IOH High-level output current TTL outputs | 
1.5 


-2 
70 
NOTES: 3. PCI interface pins include Vpp;, PCLKRUN, PFRAME, PTRDY, PIRDY, PSTOP, PDEVSEL, PIDSEL, PPERR, PSERR, 
PGNT, PCLK, PPAR, PRST, PINTA, PAD[0O—31], PC/BE[0—-3], TRST, TMS, TCLK, TDO, TDI. 
4. The algebraic convention, where the more negative (less positive) limit is designated as a minimum, is used for logic-voltage levels 
only. 
5. Output current of 2 mA is sufficient to drive five low-power Schottky TTL loads or ten advanced low-power Schottky TTL loads (worst 
case). 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (PCI interface pins) | , 








| 3-V SIGNALING 5-V SIGNALING 

| PARAMETER TEST CONDITIONST ___ OPERATION OPERATION | UNIT 
High-level output voltage, 7 z 

VOH TTL-level signal (see Note 6) VDD MIN: -'OHEMAS (Ee V0D 
Low-level output voltage, . 






loz High-impedance Vpp = MAX, Vo=0V yA 
output current Yop =MAX, Vo =Vop 
Input current, 
! any input or input/output Vi = Vss to Vpp =e 
IDD Supply current VDD = MAX ee ee ee 
Cj Input capacitance, any input f= 1 MHz, Others at 0 V 


Output capacitance, 


thers at 
t For conditions shown as MIN/MAX, use the appropriate value specified under the recommended operating conditions. 
NOTE 6: The following signals require an external pullup resistor: PSERR, PINTA. | 











recommended operating conditions (logic pins) (see Note 7) 


TIN NOM MAX | UNIT 
TTL outputs 
TA Operating free-air temperature 


NOTES: 4. The algebraic convention, where the more negative (less positive) limit is designated as a minimum, is used for logic-voltage levels 
only. 
5. Output current of 2 mA is sufficient to drive five low-power Schottky TTL loads or ten advanced low-power Schottky TTL loads (worst 
case). 
7. Logic pins include Vpp,, EAD[0-7], EXLE, EALE, EOE, EDCLK, EDIO. ‘ 








electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (logic pins) | 


PARAMETER TEST CONDITIONST | MIN MAX] UNIT 
VOH_ High-level output voltage, TTL-level signal Vpp=MIN, IoH=MAX | 24 | Vv | 
i | V 













VoL Low-level output voltage, TTL-level signal Vpp = MAX, = lot = MAX 


igh- = 2.4 
fi mputoorent SSCS Vgg tov 


t For conditions shown as MIN/MAX, use the appropriate value specified under the recommended operating conditions. 
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recommended operating conditions (physical layer pins) (see Note 8) 


Vp Receiver input bias voltage (see Note 9) 


NOTES: 8. Physicallayerpinsinclude Vpposc. VppR: VDDT- VDDVCGO, ACOLN, ACOLP, ARCVN, ARCVP, AXMTP, AXMTN, FATEST, FIREF, 
FRCVN, FROVP, FXTL1, FXTL2, FXMTP, and FXMTN. 
9. Vsp is the self-bias voltage of the input pairs ARCVP and ARCVN, ACOLP and ACOLN, and FRCVP and FRCVN. It is defined as 
Vsp=(VSB++VSB-) +2 (where Vsp,, is the self-bias voltage of the positive receive pins; V sp_ is the self-bias voltage of the negative 
receive pins). The self-bias voltage of both pins is approximately Vpp + 2. 





electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (physical interface pins) 


10 Base-T receiver input (FRCVP, FRCVN) 


[PARAMETER [JEDECSYMBOL[ _TESTGONDITIONS [WIN WAX 
[Vien Commonmedeinputvotage ———idtvic——SSC*dPSSSSCSC~“~stC | 
[VipieF) Diferentalinputvotage Sidi SSCdYSCSCSC~S~S~iC ns |] 
lcm common-mode curent sid Si 
[vsax Rising input par squelch tweshod | [Vows Vep,_SeeNot 10270 ‘| mv 


Vsq- __ Falling input pair squelch threshold Fo VCM=Vsp, See Note 10 


NOTE 10: Vs is the self-bias of the input FRCVP and FRCVN. 
10 Base-T transmitter drive characteristics (FXMTP, FXMTN) 


PARAMETER JEDEC SYMBOL | TESTCONDITIONS [| MIN MAX] UNIT 
Differential output voltage, transmit 
Differential uncompensated signal 
VO(DIFF)WAV amplitude, waveshaping active VOD(WAV Le Ey eoe 


| VSLW Differential voltage at specified slew rate | VOD(SLEW Pe eee 
au 
Vo! 
























) 
[Voom ____Common-mode outputvottage ——«dtVoc.~—=SCSCS*~=*idi Se igure =| SOC 
Vow _____Outbutidle diferentialvottage ——~([Vopapie) «| SS SSC~dT SSCS 
og _____Ouiputidle differential current‘ [lopuouey | sd ——SCS | SA 
lO(FC) 


lop) E800 


lO(FC) Output current, fault condition 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (uriless otherwise noted) (physical interface pins) (continued) | 


AUI receiver input (ARCVP, ARCVN, ACOLP, ACOLN) 


PARAMETER [JEDEC SYMBOL | _TESTCONDITIONS | MIN MAX] UNIT 
Vicm1) __ Common-mode input voltage 1 1 42 
ViCM2 Common-mode input voltage 2 1 2.5 
Vi(DIFF)1_Diferential input voltage 1 
Vi(DIFF\2 Differential input voltage 2 Tving) ___[SeeNotei3———S«d i100] mv 
(CM Common-mode current lic 
iG____Input curent, fault condition weg | TTTCTCSC~d SSS~SO|sm_| 
lToactivate [| | See Note 15, 20ns<X<35ns mV 
eee [Nottoactvate [ 


NOTES: 11. This parameter means the composite ac signal plus the dc common-mode voltage shail not exceed the indicated limits. These limits 
are peak maximum values and are not to be exceeded. 

12. Common-mode frequency range — 10 Hz to 40 kHz 

13. Common-mode frequency range — 40 kHz to 10 MHz 

14. Input bias over the common mode de voltage range _ a 

15. This parameter is a range that is allowed to vary over operating conditions. The reference point for the timing period is from the input 
pair reaching -175 mV on the falling edge to reaching -175 mV on the rising edge. 





















AUI transmitter drive characteristics (AXMTP, AXMTN) 


[PARAMETER | JEDECSYMBOL | TESTCONDITIONS | WIN MAX 
[oupirt) Output ile diferenialvotage _‘[Vopaigy | SSS 

NouDiee) —_Outputice ferentalcurentflopapiey | —*+d| Sma 
Voupire|y —Outputaferential undershoot__[Vopuougy | <i 100 | mv 
foxec) __Ouiputcurentfultconditon__———‘tlogc) | ————S~i SSS 


NOTE 16: The differential voltage is measured across a pair of 39-Q, + 1% resistors bypassed to signal ground with a 0.01-uF capacitor. 

















PLL characteristics 


PARAMETER | TEST CONDITIONS | MIN MAX]| UNIT 
VFILT Reference PLL operating filter voltage tco(FXTL1) = 50 ns 


crystal oscillator characteristics 


PARAMETER JEDEC SYMBOL TEST CONDITIONS | MIN MAX| UNIT 
VSB(FXTL1)  !nput self-bias voltage 


Le 
V =V 
lOH(FXTL2) High-level output current ile Senin t0aN -3.5 -6.5 
V =V 
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PARAMETER MEASUREMENT INFORMATION 


Outputs are driven to a minimum high-logic level of 2.4 V and to a maximum low-logic level of 0.6 V. These levels 
are compatible with TTL devices. 


Output transition times are specified as follows: For a high-to-low transition on either an input or output signal, 
the level at which the signal is said to be no longer high is 2 V and the level at which the signal is said to be low 
is 0.8 V. For a low-to-high transition, the level at which the signal is said to be no longer low is 0.8 V and the level 
at which the signal is said to be high is 2 V, as shown below. 


The rise and fall times are not specified but are assumed to be those of standard TTL devices, which are typically 


1.5 ns. 


test measurement 


Ss 2 V (high) 
_f£ \_ —— 0.8 V (low) 


The test-load circuit shown in Figure 3 represents the programmable load of the tester pin electronics that are 
used to verify timing parameters of the TNETE110 output signals. 





lOL 





Test alo 
Point | 
TTL 
VLOAD Under _| Point 
Test | 
eee 
lOH 
(a) TTL OUTPUT TEST LOAD 
ee 
| 
| 
Test 
FIREF ! Point 
200 Q | 
sieinecse 
(c) FIREF TEST CIRCUIT (d) FXMTP AND FXMTN TEST LOAD 
Where: Io. = Refer to lo, in recommended operating conditions 
IOH = Refer to lop in recommended operating conditions 
VLOAD =. 1.5 V, typical de-level verification or 
0.7 V, typical timing verification 
CL = 18 pF, typical load-circuit capacitance 


Figure 3. Test and Load Circuit 
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PCI 5-V and 3.3-V switching characteristics (see Note 17 and Figure 4) 


PARAMETER MIN MAX, 
tVAL Delay time, PCLK to bused signals valid (see Notes 18 and 19) 


tVAL(PTP) Delay time, PCLK to bused signals valid point-to-point (see Notes 18 and 19) 


ton Float to active delay | 2 os 
toff Active to float delay | ons | 


NOTES: 17. Some of the timing symbols in this table are not currently listed with EIA or JEDEC standards for semiconductor symbology but are 
consistent with the PC! Local-Bus Specification, Revision 2.0. 
18. Minimum times are measured with a 0-pF equivalent load; maximum times are measured with a 50-pF equivalent load. Actual test 
capacitance may vary, but results should be correlated to these specifications. 
19. PREQandPGNT are point-to-point signals, and have different output valid delay and input setup times than do bused signals. PGNT 
has a setup time of 10 ns; PREQ has a setup time of 12 ns. All other signals are bused. 







NO 
—_ 
ie] 








PCI 5-V and 3.3-V timing requirements (see Note 17 and Figure 4) 


a 
[gu Setup time, bused signals valdto POLK eseNotei6) SSCS 
sufPTe) Setup tne to POLK—poitto-pont eee Note 1) —SSSSSSSC*d 
[iy InputholdimeomPCLK SSS 
to Cycle time, PCLK (see Note 20) | | = 30500] ons 
pons | 

, 






7 

0 
tw(H Pulse duration, PCLK high 
twiL Pulse duration, PCLK low 


tslew Slew rate, PCLK (see Note 21) 


NOTES: 17. Some ofthe timing symbols in this table are not currently listed with EIA or JEDEC standards for semiconductor symbology but are 

consistent with the PCI Local-Bus Specification, Revision 2.0. 

19. PREQandPGNT are point-to-point signals, and have different output valid delay and input setup times than do bused signals. PGNT 
has a setup time of 10 ns; PREQ has a setup time of 12 ns. All other signals are bused. 

20. Asarequirement for frame transmission/reception, the minimum PCLK frequency varies with network speed. The clock may only 
be stopped in a low state. 

21. Rise and fall times are specified in terms of the edge rate measured in V/ns. This slew rate must be met across the minimum 
peak-to-peak portion of the clock waveform. . 
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2V 





5-V Clock 1.5V 
0.8V 
0.475 x Vpp 
3.3-V Clock 0.4 x Vpp 
0.325 x Vpp 
Output 
Delay 
3-State 
Output 
| 
| 
Inputs 
| 
Figure 4. PCI 5-V and 3.3-V Timing 
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BIOS ROM and LED interface timing requirements (see Figure 5)T | ; | , 


OS 
tau Setup tine, dat 


BIOS ROM and LED interface switching characteristics (see Figure 5)t 


PARAMETER | MIN MAX] UNIT 


Delay time, address high byte valid to EXLE low (address high byte setup time for external 
'd(EADV-EXLEL) atch) 0 ns 


Delay time, EXLE low to address high byte invalid (address high byte hold time for external | 
'd(EXLEL-EADZ) atch) | | 10 


td(EADV-EALEL Delay time, address low byte valid to EALE low (address low byte setup time for external latch a ae 
e(EALEL-EADZ) Delay time, EALE low to address low byte invalid (address ow byteholdtime forextemaliatch) | 10 
ta Access time, address | 
T The EPROM interface, consisting of 11 pins, requires only two TTL ’373 latches to latch the high and low addresses. 


canw-n ——{ getess_)——{ actress, KPa) 
| oo | 

ae EOE | | | | 

| ! ice ta(EADV-EALEL) | 
| 

| 










—— 





— 





td(EXLEL-EADZ) a> e— 





| 
i I¢— tq(EALEL-EADZ) 
| 






EXLE 
| | 
ci ! | 
EALE | | 

: | | | 

| | 
EOE | | 
tu > eS | 


Figure 5. BIOS ROM and LED Interface Timing 





sa TEXAS | 
INSTRUMENTS 


3-44 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


ThunderLAN™ TNETE110 
PCI ETHERNET™ ADAPTER 
SINGLE-CHIP 10 BASE-T 


SPWS018A — APRIL 1995 


configuration EEPROM interface switching characteristics (see Figure 6) 


ee 
f{CLK(EDCLK Clock frequency, EDCLK oo | te 
td(EDCLKL-EDIOV) |. EDCLK low to EDIO data in valid 
td(EDIO free Time the bus must be free before a new transmission can start 
td(EDIOV-EDCLKL) _ Delay time, EDIO valid after EDCLK low (start condition hold time for EEPROM) 








= 
i 


tw(H High sod clock 


Delay time, EDCLK high to EDIO valid (start condition setup time 
td(EDCLKL-EDIOX) Delay time, EDCLK low to EDIO changing (data out hold time) 
td(EDIOV-EDCLKH) _ Delay time, EDIO valid to EDCLK high (data out setup time) | ons 


en ee ee 
iy —Faltime, EDI and EDGLK SSS 0 


| | 
| - tw(H) — tw) _») ca re tr 
KX | 


| | | 
aan AY aN | 

| | | Me eeooeo | 

| 


| 
| td(EDCLKL-EDIOX) —¢—> ! 
| 
| 

























| 
oi td(EDCLKH-EDIOV) | ! td(EDCLKH-EDIOH) a 
; | twevioveepctKL) | td(EDIOV-EDCLKH) : 
EDIO (OUT) | a am. 7 
“ss | | 


| : td(EDIO free) ¢—_ 
| 

| | 

| {¢—+- td(EDCLKL-EDIOX) 


l td(EDCLKL-EDIOV) 
| 


EDIO ON) OKRA GA wanty 


Figure 6. Configuration EEPROM Interface Timing 
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orystal oscillator mining requirements (see Figure il 


MIN TYP _MAX| UNIT 


Delay time from minimum Vpp high level to first valid FXTL1V full swing period —— 7 


(see Note 22) 
















td(VDDH-FXTL1V) 





[yy —Pse duration atextetlow ——OOSOSOSOSOSSCSSC*idS tid 
ly ranstiontimeofFxT1 SOS‘ 
eC yoletimes TL SOSOSCSCSCSCSCSCSC‘iSCSCiSC*dSC 


t The FXTL signal may be implemented by either connecting a 20-MHz crystal across the FXTL1 and FXTL2 pins or by driving the FXTL1 from 
a 20-MHz crystal oscillator module. 
NOTE 22: This specification is provided as an aid to board design. This specification is not guaranteed during manufacturing testing. 





Tt Minimum Vpp High Level 
le— te 
| | es f¢— tw(H) 
}{¢*———- tavoH-FXTL1v) | 7 1 let 





Vpp 








FXTL1 


Figure 7. Crystal Oscillator Timing 
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@ {EEE 802.5 and IBM Token-Ring Network™ ® Dual-Port DMA and Direct I/O Transfers to 
Compatible Host Bus 
® Compatible With TIS80FPA FNL @ Supports 8- or 16-Bit Pseudo-DMA 
PacketBlaster™ Operation 
© Token-Ring Features @ Enhanced-Address-Copy-Option (EACO) 
— 16- or 4-Megabit-per-Second Data Rates Interface Supports External 
— Supports up to 18K-Byte Frame Size Address-Checking Logic for Bridging or 
(16-Mbps Operation Only) External Custom Applications 
— Supports Universal-and Local-Network © Support for Module High-Impedance 
Addressing In-Circuit Testing 


— Early Token-Release Option 
(16-Mbps Operation Only) 


® Built-in Real-Time Error Detection 


~ Compatible With the TMS38054 ® Bring-Up and Self-Test Diagnostics With 
@ Expandable Local LAN-Subsystem Memory poopeaek 
Space up to 2 Megabytes @ Automatic Frame-Buffer Management 
® Glueless Interface to DRAMs @ 2- to 33-MHz System-Bus Clock 
® High-Performance 16-Bit CPU for © Slow-Clock Low-Power Mode 
Communications-Protocol Processing ® Single 5-V Supply 
@ 1- to 16.5-Megabyte-per-Second ® 0.8-um CMOS Technology 
High-Speed Bus Master DMA mere’ @ 250-mA Typical Latch-Up Immunity at 25°C 
® Low-Cost rare I/O Interface Option © ESD Protection Exceeds 2000 V 
© Up to 32-Bit Host Address Bus ®@ 144-Pin Plastic Thin Quad Flat Package 
® Selectable Host System-Bus Options (PGE Suffix) 
© Adapter Local-Bus Speed Is Switchable ® Operating Temperature Range 


Between 4 MHz and 6 MHz 


80x8x or 68xxx-Type Bus and Memory 
Organization | 

— 8- or 16-Bit Data Bus on 80x8x Buses 
— Optional Parity Checking 







Attached 
System 





0°C to 70°C 





Transmit 



















Token-Ring 


x Tiss0c2s [| Physical-Layer 
Circuitry 


To 
Network 





33 MHz) Receive 


Figure 1. Network-Commprocessor Applications Diagram 


IBM and Token-Ring Network are trademarks of International Business Machines Corp. 
PacketBlaster is a trademark of Texas Instruments Incorporated. 
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pin assignments 


MADL6 [f 22 
MADL5 [J 23 
MADL4 [} 24 
MADL3 [J 25 | 
MADL2 [f 26 
MADL1 [f 27 
MADLO [} 28 
EXTINTS {§ 29 
EXTINT2 [J 30 
EXTINT1 [§ 31 
EXTINTO [J 32 
NMI [4.33 
Vpp [4 34 
NC [J 35 
Vss_ 436 
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I> 0028 
ag our 
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‘NC — No internal connection 
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VSSL 

NC 

VDD 
XMATCH 
XFAIL 
TESTO 
TEST1 (NC) 


SRD/SUDS 
SRDY/SDTACK 
SOWN 

SDBEN 
SBHE/SRNW 
SHRQ/SBRQ 
SPL 
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description 


The TI380C25 is a single-chip network-communications processor (commprocessor) that supports token-ring 
local area networks (LANs) at data rates of 16 Mbps or 4 Mbps. The TI880C25 conforms to ISO 8802-5/IEEE 
802.5-—1992 standards and has been verified to be completely IBM Token-Ring Network compatible. By 
integrating the essential control building blocks needed on a LAN-subsystem card into one device, the 
TI380C25 ensures that this IBM compatibility is maintained in silicon. 


The high degree of integration of the TI8380C25 makes it a virtual LAN subsystem on a single chip. Protocol 
handling, host-system interfacing, memory interfacing, and communications processing are all provided 
through the TI3880C25. To complete LAN-subsystem design, only the network-interface hardware, local 
memory, and minimal additional components such as PAL® devices and crystal oscillators need to be added. 


The TI380C25 provides a 32-bit system-memory address reach with a high-speed bus-master DMA interface 
that supports rapid communications with the host system. In addition, the TI8380C25 supports direct I/O and a 
low-cost 8- or 16-bit pseudo-DMA interface that requires only a chip select to work directly on an 80x8x 8-bit 
slave I/O interface. Finally, selectable 80x8x or 68xxx-type host-system bus and memory organization add to 
design flexibility. 


The TI380C25 supports addressing for up to 2M bytes of local memory. This expanded memory capacity can 
improve LAN-subsystem performance by allowing larger biocks of information to be transferred at one time and 
minimizing the frequency of host LAN-subsystem communications. The support of large local memory is 
important in applications that require large data transfers (such as graphics or database transfers) and in heavily . 
loaded networks where the extra memory can provide data buffers to store data until it can be processed by 
the host. 


The proprietary CPU used in the TI380C25 allows protocol software to be downloaded into RAM or stored in 
ROM in the local-memory space. By moving protocols (such as LLC) to the LAN-subsystem, overall system 
performance is increased. This is accomplished by offloading the processing from the host system to the 
TI380C25, which can also reduce LAN-subsystem-to-host communications. As other protocol software is 
developed, greater differentiation of end products with enhanced system performance is possible. | 


In addition, the TI8380C25 includes hardware counters that provide real-time error detection and automatic 
frame-buffer management. These counters control system-bus retries and burst size, and track host and 
LAN-subsystem buffer status. Previously, these counters needed to be maintained in software. Integrating them 
into hardware removes software overhead and improves LAN-subsystem performance. 


The TI380C25 implements a Tl-patented enhanced-address-copy-option (EACO) interface. This interface 
supports external address-checking devices, such as the TMS380SRA source-routing accelerator. The 
TI380C25 has a 128-word external I/O space in its memory to support external address-checker devices and 
other hardware extensions to the TMS380 architecture. 


The major blocks of the TI380C25 include the communications processor (CP), the system interface (SIF), the 
memory interface (MIF), the protocol handler (PH), the clock generator (CG), and the adapter-support function 
(ASF), as shown in the functional block diagram. 


The TI380C25 is available in a 144-pin plastic thin quad flat package (PGE suffix) and is characterized for 
operation from O0°C to 70°C. 


The TI380C25 has a bus interface to the host system, a bus interface to local memory, and an interface to the 
physical-layer circuitry. Pin names starting with the letter S attach to the host-system bus, and pin names starting 
with the letter M attach to the local-memory bus. 


PAL ® is a registered trademark of Advanced Micro Devices, inc. Other companies also manufacture programmable array logic devices. 


wy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 4-5 


TI380025 | 
TOKEN-RING COMMPROCESSO 


SPWS012 — JANUARY 1995 


functional block diagram 











SADHO Memory 
> interface Interface 
SADH7 (MIF) 
SADLO : 
° ¢ DIO Control DRAM Refresh 
SADL7 Local-Bus — 
ie: e DMA Control Arbitrator 
SPH Local-Bus 
SPL Control 
SBRLS - Local 
SINTR/SIRQ Parity-Check/ 
SDDIR Generator 
SDBEN 
SALE 
SXAL 
SOWN 
SIACK 
SBCLK 
SRD/SUDS 
SWR/SLDS 
SRDY/SDTACK 
SI/M 
SHLDA/SBGR 
-SBHE/SRNW 
SRAS/SAS 
S8/SHALT 
SRESET 
SRSO Clock 
SRS1 Generator 
SRS2/SBERR (CG) 
_$cs 
SRSX 
SHRQ/SBRQ 
SBBSY - Adapter- 
BTSTRP Support 
PRTYEN Function 
NSELOUTO (ASF) 
NSELOUT1 
e Interrupts 
Communications e Test Function 
Processor | 
£ 
RoE Token-Ring 
MELT Protocol Handler (PH) 
RCVR 
PXTALIN 
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Pin Functions 


Bootstrap. The value on BTSTRP is loaded into the BOOT bit of the SIFACL register at reset (i.e., when 
SRESET is asserted or the ARESET bit in the SIFACL register is set) to form a default value. BTSTRP 
indicates whether chapters 0 and 31 of the memory map are RAM or ROM. If these chapters are RAM, 
BTSTRP the TI380C25 is denied access to the local-memory bus until the CPHALT bit in the SIFACL register 
is cleared. 
Chapters 0 and 31 of local memory are RAM based (see Note 1). 
Chapters 0 and 31 of local memory are ROM based. 


CESENN 64-MHz OSCIN for 4-MHz local bus 
32-MHz OSCIN for 4-MHz local bus or 48-MHz OSCIN for 6-MHz local bus 
2 


EXTINTO 
EXTINT1 
EXTINT2 
EXTINTS3 


Local-memory address, data, and status bus — high byte. For the first quarter of the local-memory 
cycle, these bus lines carry address bits AX4 and A0 to A6; for the second quarter, they carry status 
bits; and for the third and fourth quarters, they carry data bits 0 to 7. The most significant bit is MADHO 
and the least significant bit is MADH7. 


Memory Cycle 
1Q 2Q 3Q 4Q 
Signal AX4,A0-A6 _— Status DO-D7 DO-D7 


Local-memory address, data, and status bus — low byte. For the first quarter of the local-memory 
cycle, these bus lines carry address bits A7 to A14; for the second quarter, they carry address bits AX4 
and AO to A6; and for the third and fourth quarters, they carry data bits 8 to 15. The most significant 
bit is MADLO and the least significant bit is MADL7. 


Memory Cycle 
1Q 2Q 3Q 4Q 
A7-A14  AX4,AO0-A6 D8-D15 D8-D15 


Memory-address latch. MAL is a strobe signal for sampling the address at the start of the memory 
cycle; it is used by SRAMs and EPROMs. The full 20-bit word address is valid on MAXO, MAXPH, 
MAX2, MAXPL, MADHO—MADH/7, and MADLO-—MADLZ7. Three 8-bit transparent latches can be used 
to retain a 20-bit static address throughout the cycle. 


Rising edge No signal latching 
Falling edge Allows the above address signals to be latched 


Local-memory-extended address bit. MAXO drives AXO at row-address time and drives A12 at 
column-address and data-valid times for all cycles. This signal can be latched by MRAS. Driving A12 
eases interfacing to a BIA ROM. 


Memory Cycle 
1Q 2Q 
Signal AX0 A12 





T | = input, O = output 
NOTES: 1. Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 
2. The TIS80FPA and TMS380SRA are currently supported only with the 4-MHz local bus in either CLKDIV state. Expansion to support 
the 6-MHz local bus is under development. 
3. Each pin must be individually tied to Vcc with a 1-kQ pullup resistor. 
4. Pin should be connected to ground. 
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Pin Functions (Continued) 


Wot e & DESCRIPTION | 


Local-memory-extended address bit. MAX2 drives AX2 at row-address time, which can be latched by 

MRAS and A14 at column-address and data-valid times for all cycles. Driving A14 eases interfacing 

to a BIA ROM. | 
! Memory Cycle 

1Q 2Q 3Q 4Q 

Signal AX2 Ai4 A14 ' A14 


Local-memory-extended address and parity — high byte. For the first quarter of a memory cycle, 
MAXPH carries the extended-address bit AX1; for the second quarter of amemory cycle, it carries the 
extended-address bit AX0; and for the last half of the memory cycle, it carries the parity bit for the high 
data byte. 
Memory Cycle 
1Q 2Q 3Q 4Q 
Signal AX1 AXO Parity —_—PParrity 


Local-memory-extended address and parity — low byte. For the first quarter of a memory cycle, 
MAXPL carries the extended-address bit AX3; for the second quarter of a memory cycle, it carries 
| extended-address bit AX2; and for the last half of the memory cycle, it carries the parity bit for the low 
data byte. . 
| Memory Cycle 
1Q 2Q 3Q 4Q 
Signal AX3 AX2 Parity Parity 


Local-bus clock 1 and local-bus clock 2. MBCLK1 and MBCLK2 are referenced for all local-bus 
transfers. MBCLK2 lags MBCLK1 by a quarter of a cycle. These clocks operate according to: 


MBCLK [1:2] OSCIN CLKDIV 
8 MHz 64 MHz H 
8 MHz 32 MHz | L 
12 MHz 48 MHz L 


Buffer enable. MBEN enables the bidirectional buffer outputs on the MADH, MAXPH, MAXPL, and 
MADL buses during the data phase. MBEN is used in conjunction with MDDIR, which selects the buffer 
| output direction. 


H Buffer output disabled 
L Buffer output enabled 


Burned-in address enable. MBIAEN is an output signal used to provide an output enable for the ROM 
containing the adapter’s burned-in address (BIA). 


H MBIAEN is driven high for any write accesses to the addresses between >00.0000 and 
>00.000F, or any accesses (read/write) to any other address. 
L MBIAEN is driven low for any read from addresses between >00.0000 and >00.000F. 





T | = input, O = output 
NOTE 3: Each pin must be individually tied to Vcc with a 1-kQ pullup resistor. 
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Pin Functions (Continued) 


Column-address strobe for DRAMs. The column address is valid for the 3/16 of the memory cycle 
following the row-address portion of the cycle. MCAS is driven low every memory cycle while the 
column address is valid on MADLO—MADL7, MAXPH, and MAXPL, except when one of the following 
conditions occurs: 

1) When the address accessed is in the BIA ROM (>00.0000 — >00.000F) 

MCAS 141 2) When the address accessed is in the EPROM memory map (i.e., when the BOOT bit in 
the SIFACL register is zero and an access is made between >00.0010 — >00.FFFF 
or >1F.0000 — >1F.FFFF) 

3) When the cycle is a refresh cycle, in which case MCAS is driven at the start of the cycle before 
MRAS (for DRAMs that have CAS-before-RAS refresh). For DRAMs that do not support CAS- 
before-RAS refresh, it may be necessary to disable MCAS with MREF during the refresh 

- cycle. 


Data direction. MDDIR is used as a direction control for bidirectional bus drivers. MDDIR becomes valid 
before MBEN becomes active. 
MDDIR 138 1/O 
















































TI380C25 memory-bus write 
TI380C25 memory-bus read 


Memory output enable. MOE is used to enable the outputs of the DRAM memory during a read cycle.. 
MOE is high for EPROM or BIA ROM read cycles. 


H 
L 

















Disable DRAM outputs 
Enable DRAM outputs 


Row-address strobe for DRAMs. The row address lasts for the first 5/16 of the memory cycle. MRAS 
is driven low every memory cycle while the row address is valid on MADLO—MADL7, MAXPH, and 





















MBAS “ MAXPL for both RAM and ROM cycles. It is also driven low during refresh cycles when the refresh 
address is valid on MADLO—MADL7. 
DRAM refresh cycle in progress. MREF is used to indicate that a DRAM refresh cycle is occurring. It 
is also used for disabling MCAS to all DRAMs that do not use a CAS-before-RAS refresh. 
| MREF 130 





H DRAM refresh cycle in process 
L Not a DRAM refresh cycle 


Memory-bus reset. MRESET is a reset signal generated when either the ARESET bit in the SIFACL 
register is set or SRESET is asserted. This signal is used for resetting external local-bus glue logic. 













H 
L 


ROM enable. During the first 5/16 of the memory cycle, MROMEN is used to provide a chip select for 
ROMs when the BOOT bit of the SIFACL register is zero (i.e., when code is resident in ROM, not RAM). 
It can be latched by MAL. MROMEN goes low for any read from addresses >00.0010 —->00.FFFF or 
>1F.0000 — >1F.FFFF when the BOOT bit in the SIFACL register is zero. MROMEN stays high for 
writes to these addresses, accesses of other addresses, or accesses of any address when the BOOT 
bit is 1. During the final three quarters of the memory cycle, MROMEN outputs the A13 address signal 
for interfacing to a BIA ROM. This means MBIAEN, MAX0, ROMEN, and MAX2 together form a 
glueless interface for the BIA ROM. 


External logic not reset 
External logic reset 







MRESET 125 


MROMEN 


= input, O = output 
























H 
L 


ROM disabled 
ROM enabled 
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Pin Functions (Continued) 
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Local-memory write. MW is used to specify a write cycle on the local-memory bus. The data on the 
MADHO-—MADH7 and MADLO—MADL7 buses is valid while MW is low. DRAMs latch data on the 
falling edge of MW, while SRAMs latch data on the rising eage of MW. 
: Not a local-memory write cycle 

Local-memory write cycle 


ae ee Nonmaskable interrupt request. NMI must be left unconnected. 


External oscillator input. OSCIN provides the clock frequency to the T1380C25 for a 4-MHz or 6- MHz 
internal bus (see Notes 5 and 6). 
OSCIN 135 
OSCOUT 122 
PRTYEN 41 


NSELOUTO 40 
NSELOUT1 


























CLKDIV OSCIN 
H 64 MHz for a 4-MHz local bus 
L 32 MHz for a 4-MHz local bus or 48 MHz for a 6-MHz local bus 


Oscillator output 











CLKDIV OSCOUT | 
L OSCIN/4 (if OSCIN = 32 MHz, OSCOUT = 8 MHz; 
| if OSCIN = 48 MHz, OSCOUT = 12 MHz) 

OSCIN/8 (if OSCIN = 64 MHz, OSCOUT = 8 MHz) 


Parity enable. The value on PRTYEN is loaded into the PEN bit of the SIFACL register at reset (i.e., 
when SRESET is asserted or the ARESET bit in the SIFACL register is set) to form a default value. 
PRTYEN enables parity checking for the local memory. 




















H Local-memory data bus checked for parity (see Note 1). 
L Local-memory data bus not checked for parity. 


Network selection outputs. NSELOUTO and NSELOUT1 are controlled by the host through the 
corresponding bits of the SIFACL register. The value of these bits / signals can be changed only while 
the T1380C25 is reset. 













NSELOUTO NSELOUT1 DESCRIPTION 
L H 16-Mbps token ring 
H | H 4-Mbps token ring 


System address/data bus—high byte (see Note 1). These lines make up the most significant byte 
of each address word (32-bit address bus) and data word (16-bit data bus). The most significant bit 
is SADHO, and the least significant bit is SADH7. 

















Address multiplexing: Bits 31 — 24 and bits 15 — 8 
Data multiplexing: Bits 15 - 8 






System address/data bus—low byte (see Note 1). These lines make up the least significant byte 
of each address word (32-bit address bus) and data word (16-bit data bus). The most significant bit 
is SADLO and the least significant bit is SADL7. 







Address multiplexing: Bits 23 — 16 and bits 7-0 
Data multiplexing: Bits 7 - 0 







T | = input, O = output 

NOTES: 1. Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 
5. Pin has an expanded input voitage specification. 
6. A maximum of two TI380C25 devices can be connected to any one oscillator. 
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Pin Functions (Continued) 


System address-latch enable. SALE is the enable pulse used to externally latch the 16 LSBs of the 

SALE 64 address fromthe SADHO — SADH7 and SADLO — SADL7 buses atthe start of the DMA cycle. Systems 
that implement address parity can also externally latch the parity bits (SPH and SPL) for the latched 
address. 


System bus busy. The TI380C25 samples the value on SBBSY during arbitration (see Note 1). The 
sample has one of two values: 























H 
L 


System bus clock. The TI380C25 requires SBCLK to synchronize its bus timings for ail DMA transfers. 
Valid frequencies are 2 MHz-33 MHz. 


Intel Mode 
Motorola 
Mode H 
L 


System bus release. SBRLS indicates to the TI380C25 that a higher-priority device requires the 
system bus. The value on SBRLS is ignored when the TI380C25 is not perfoming DMA. SBRLS is 
internally synchronized to SBCLK. 


Not busy. The TI380C25 can become bus master if the grant condition is met. 
Busy. The TI380C25 cannot become bus master. 








SBHE is used for system byte high enable. SBHE is a 3-state output driven during DMA; 
it is an input at all other times. 


H System byte high not enabled (see Note 1) 
L System byte high enabled | 


SRNW is used for system read not write. SRNW serves as a control signal to indicate 
a read or write cycle. 














Read cycle (see Note 1) 
Write cycle 

























H 
L 


The TI380C25 can hold onto the system bus (see Note 1). 
The TI380C25 should release the system bus upon completion of current DMA cycle. If the 
DMA transfer is not yet complete, the SIF rearbitrates for the system bus. 








System chip select. SCS activates the system interface of the T1380C25 for a DIO read or write. 





Not selected (see Note 1) 
Selected 










System data-bus enable. SDBEN signals to the external data buffers to begin driving data. SDBEN 
is activated during both DIO and DMA. 


H 
L 


System data direction. SDDIR provides the external data buffers with a signal indicating the direction 
the data is moving. During DIO writes and DMA reads, SDDIR is low (data direction is into the 
TI380C25). During DIO reads and DMA writes, SDDIR is high (data direction is out from the T1I380C25). 
When the system interface is not involved in a DIO or DMA operation, SDDIR is high by default. 


Keep external data buffers in the high-impedance state 
Cause external data buffers to begin driving data 











DATA 
SDDIR DIRECTION DIO DMA 
H output read write 


LE write 


input 





read 


T | = input, O = output 
NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 
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Pin Functions (Continued) 


| ee ee vot , | DESCRIPTION a 


| SHLDA is used for system-hold acknowledge. SHLDA indicates that the system DMA 
hold request has been aesnowleaded It is imemaly synchronized to SBCLK 
| Intel Mode spevote'l): 
| Hold request acknowledged | 
SHLDA/SBGR Hold request not acknowledged ? 
SBGR is used for system bus grant. SBGR is an active-low bus grant, as defined in the 
. standard 68xxx interface, and is internally synchronized to SBCLK (see Note 1). 











Motorola 


woe System bus not granted 


System bus granted 


SHRQ is used for system-hold request. SHRQ is used to request control of the system 

bus in preparation for a DMA transfer. SHRQ is internally synchronized to SBCLK. 
Intel Mode 
System bus requested 


System bus not requested 
SRO SPQ ‘SBRQ is used for system-bus request. SBRQ is used to request control of the system 


Motorola bus in preparation fora DMA transfer. SBRQ is internally synchronized to SBCLK. 


Mode H System bus not requested 


L System bus requested 


System-interruptacknowledge. SIACK is fromthe host processor to acknowledge the interrupt request . 
from the TI380C25. 


H = System interrupt not acknowledged (see Note 1) 
L = System interrupt acknowledged: The TI380C25 places its oe vector onto the system 
bus. 


System intel/Motorola mode select. The value on SI/M specifies the system-interface mode. 


SI/M 56 


H = Intel-compatible interface mode selected. Intel interface can be 8-bit or 16-bit mode 
(see S8/SHALT description and Note 1). 
Motorola-compatible interface mode selected. Motorola interface mode is always 16 bits. 


SINTR is used for system-interrupt request. TI380C25 activates SINTR to signal an 
interrupt request to the host processor. 
Intel Mode . | 
H = Interrupt request by TI380C25 
L = Nointerrupt request — | 






. | | SIRQ is used for system-interrupt request. T1380C25 activates SIRQ to signal an 
Motorola interrupt request to the host processor. 
Mode H No interrupt request 

L Interrupt request by T1380C25 


System bus owned. SOWN indicates to external devices that T1I380C25 has control of the system bus. 
SOWN drives the enable signal of the bus-transceiver chips that drive the address and pus conn) 
signals. 


H TI380C25 does not have control of the system bus. 
L TI380C25 has control of the system bus. 





T | = input, O = output 
NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 
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Pin Functions (Continued) 


System parity high. The optional odd-parity bit for each address or data byte transmitted over 
SADHO-SADH7 (see Note 1). 


Lae ten parity low. The optional odd-parity bit for each address or data byte transmitted over 
Lae. | een SADL7 (see Note 1). 


Intel Mode 
SRAS/SAS 60 


Motorola 
Mode 


Intel Mode 
SRD/SUDS 83 


Motorola 
Mode 


Intel Mode 
SRDY/SDTACK 82 


Motorola 
Mode 


























SRAS is used for system memory-address strobe (see Note 7). SRAS is used to latch 
the SCS and SRSX — SRS2 register input signals. In a minimum-chip system, SRAS is 
tied to the SALE output of the system bus. The latching capability can be defeated 
because the internal latch for these inputs remains transparent as long as SRAS 
remains high. This permits SRAS to be pulled high and the signals at SCS, 
SRSX -— SRS2, and SBHE to be applied independently of the SALE strobe from the 
system bus. During DMA, SRAS remains an input. 





H = Transparent mode 
L = Holds latched values of SCS, SRSX-—SRS2, and SBHE 
Fallingedge = Latches SCS, SRSX — SRS2, and SBHE 


SAS is used for sytem-memory address strobe (see Note 7). SAS is an active-low 
address strobe that is an input oe DIO (although ignored as an address strobe) and 
an output during DMA. 















H = Address is not valid. 
L = Address is valid and a transfer operation is in progress. 


SRD is used for system-read strobe (see Note 7). SRD is the active-low strobe indicating 
that a read cycle is performed on the system bus. SRD is an input during DIO and an 
output during DMA. 











H 
L 


Read cycle is not occurring. 
If DMA, host provides data to system bus. 
If DIO, SIF provides data to system bus. 


SUDS is used for upper-data strobe (see Note 7). SUDS is the active-low upper-data | 
strobe. SUDS is an input during DIO and an output during DMA. 


H Not valid data on SADHO—SADH7 lines 
L Valid data on SADHO-SADH7 lines 


SRDY is used for system bus ready (see Note 7). SRDY indicates to the bus master that 
a data transfer is complete. SRDY is asynchronous but during DMA and pseudo-DMA 
cycles, it is internally synchronized to SBCLK. During DMA cycles, SRDY must be 
asserted before the falling edge of SBCLK in state T2 to prevent a wait state. SRDY is 
an output when the TI380C25 is selected for DIO; otherwise; it is an input. 























H System bus is not ready. 
L Data transfer is complete; system bus is ready. 


SDTACK is used for system data-transfer acknowledge (see Note 7). The purpose of 
SDTACK is to indicate to the bus master that a data transfer is complete. SDTACK is 
internally synchronized to SBCLK. During DMA cycles, SDTACK must be asserted 
before the falling edge of SBCLK in state T2 in order to prevent a wait state. SDTACK 
is an output when the TI380C25 is selected for DIO; otherwise, it is an input. 











H 
L 


System bus is not ready. 
Data transfer is complete; system bus is ready. 








T | = input, O = output 
NOTES: 1. Pinhas an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 
7. Pin should be tied to Vcc with a 4.7-kQ pullup resistor. 
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Pin Functions (Continued) 


PIN 
Wot DESCRIPTION 
NO. | | 


System reset. SRESET is activated to place the TI380C25 into a known initial state. Hardware reset | 
puts most of the TI380C25 outputs into the high-impedance state and places all blocks into the reset 
state. The Intel mode DMA bus-width selection (S8) is latched on the rising edge of SRESET. 











H = No system reset 
L = System reset 
Rising edge = Latch bus width for DMA operations (for Intel-mode applications) 


SRSX and SRSO-SRS2 are used for system-register select. These inputs select the 
Intel Mode 


word or byte to be transferred during a system DIO access. The most significant bit is 
SRSX and the least significant bit is SRS2 (see Note 1). 
Motorola 
Mode 
| Intel Mode 
1/0 | 
Motorola 
Mode 1H = Not valid data on SADLO-SADL7 lines 
. L = Valid data on SADLO-SADL7 lines 


System-extended-address latch. SXAL provides the enable pulse used to externally latch the most 
significant 16 bits of the 32-bit system address during DMA. SXAL is activated prior to the first cycle 
of each block DMA transfer, and thereafter as necessary (whenever an increment of the DMA address 
counter causes a carry out of the lower 16 bits). Systems that implement parity on addresses can use 
SXAL to externally latch the parity bits (available on SPL and SPH) for the DMA address extension. 


Reserved. SYNCIN must be left unconnected (see Note 1). 


























_ . MSb LSb 
Register selected = SRSX SRSO SRS1 SRS2/SBERR 


SRSX, SRSO and SRS1 are used for system-register select. These inputs select the 
word or byte to be transferred during a system DIO access. The most significant bit is 
SRSX and the least significant bit is SRS1 (see Note 1). 





SRSX 
SRSO 46 
SRS1 45 
SRS2/SBERR 









| - MSb LSb 
Register selected = SRSX SRSO SRS1 










SBERR is used for bus error. This signal corresponds to the bus-error signal of the 68xxx 
microprocessor. SBERR is internally synchronized to SBCLK. This input is driven low 
during a DMA cycle to indicate to the TI380C25 that the cycle must be terminated (see 
Section 3.4.5.3 of the TMS380 Second-Generation Token Ring User’s Guide 
(SPWU005) for more information). 


SWR is used for system-write strobe (see Note 7). SWR is an active-low write strobe 
that is an input during DIO and an output during DMA. 




















H 
L 


Write cycle is not occurring. 
lf DMA, data to be driven from SIF to host bus. 
If DIO, on the rising edge, the data is latched and written to the selected register. 


SLDS is used for lower-data strobe (see Note 7). SLDS is an input during DIO and an 
output during DMA. : 

















SWR/SLDS 




















T | = input, O = output 
NOTES: 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 
7. Pin should be tied to Vcc with a 4.7-kQ pullup resistor. 
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Pin Functions (Continued) 


S8 is used for system 8/16-bit bus select. S8 selects the bus width used for 

communications through the system interface. On the rising edge of SRESET, the 

TI380C25 latches the DMA bus width; otherwise, the value on S8 dynamically selects 
Intel Mode 


the DIO bus width. 
Motorola 
Mode 


Positive-supply voltage for digital logic. All Vpp,_ pins must be attached to the common-system 
power-supply plane. 












H Selects 8-bit mode (see Note 1) 
L Selects 16-bit mode 


SHALT is used for system halt/bus error retry. If SHALT is asserted along with SBERR, 
the adapter retries the last DMA cycle. This is the rerun operation as defined in the 68xxx 
specification. The BERETRY counter is not decremented by SBERR when SHALT is 
asserted (see Section 3.4.5.3 of the TMS380 Second-Generation Token Ring User’s 
Guide (SPWU005) for more information). 


S8/SHALT 51 





















Positive-supply voltage for output buffers. All Vpp pins must be attached to the common-system 
power-supply plane. 







Ground reference for output buffers (clean ground). All Vgsc pins must be attached to the 
common-system ground plane. 











Ground reference for digital logic. All Vss,_ pins must be attached to the common-system ground plane. 


Ground connections for output buffers. All Vss pins must be attached to system ground plane. 


These pins should be left unconnected. 


T | = input, O = output 
NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 
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Pin Functions (Continued) 


Token-Ring Media Interface 


Differential-driver data output. DRVR and DRVR are the differential outputs that send the TI8380C25 





transmit data to the TMS38054 for driving onto the ring-transmit-signal pair. 


Frequency-acquisition control. FRAQ determines the use of frequency- or phase-acquisition mode in 
the TMS38054. 


= Wide range. Frequency centering to PXTALIN by TMS38054. 
= Narrowrange. Phase lock onto the incoming data (RCVINA and RCVINB) by the TMS38054. 


Insert-control signal to the TMS38054. NSRT enables the phantom-driver outputs (PHOUTA and 
; PHOUTB) of the TMS38054, through the watchdog timer, for insertion onto the token ring. 
NSRT ee Static high Inactive, phantom current removed (due to watchdog timer) 
Static low Inactive, phantom current removed (due to watchdog timer) 
NSRT low and pulsed high Active, current output on PHOUTA and PHOUTB 


Ring-interface clock-frequency control (see Note 5). At 16-Mbps ring speed, PXTALIN must be 
PXTALIN | supplied a 32-MHz signal. At 4-Mbps ring speed, PXTALIN must be 8 MHz and can be the output from 
OSCOUT. 


Ring-interface recovered clock (see Note 5). RCLK is the clock recovered by the TMS38054 from the 
RCLK . token-ring received data. For 16-Mbps operation, RCLK is a 32-MHz clock; for 4-Mbps operation, 
| RCLK is an 8-MHz clock. 


RCVR 


Ring-interface ready. REDY indicates the presence of received data as monitored by the TMS38054 
energy-detect capacitor. 
REDY 
Not ready. Ignore received data. 
Ready. Received data. 


Wire-fault detect. WFLT is an input to the TI3880C25 driven by the TMS38054. WFLT indicates a current 
imbalance of the TMS38054 PHOUTA and PHOUTB pins. 


No wire fault detected 
Wire fault detected 


Internal wrap select. WRAP is an output from the TI380C25 to the ring interface to activate an internal 
attenuated feedback path from the transmitted data (DRVR) to receive data (RCVR) signals for 
bring-up diagnostic testing. When active, the TMS38054 also cuts off the current drive to the 
transmission pair. . 





Normal ring operation 
Transmit data drives receive data (loopback). 


T | = input, O = output | 
NOTE 5: Pin has an expanded input-voltage specification. 
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Pin Functions (Continued) 


Token-Ring Media Interface 


Network select inputs. TESTO—TEST2 are used to select the network speed and type to be used by 
the TI380C25. These inputs should be changed only during adapter reset. Connect TEST2 to Vpp_. 
















TESTO TEST1 TEST2 DESCRIPTION 


L NC H 16-Mbps token ring 
H NC . H 4-Mbps token ring 
X X L Reserved 
















Test inputs. TEST3—TEST5 should be left unconnected (see Note 1). Module-in-place test mode is 
achieved by tying TEST3 and TEST4 to ground. In this mode, all TI380C25 outputs are in the 
high-impedance state. Internal pullups on all TI380C25 inputs are disabled (except TEST3—TEST5). 


External fail-to-match signal. An enhanced-address-copy-option (EACO) device uses XFAIL to 
indicate to the T1I380C25 that it should not copy the frame nor set the ARI / FCI bits in a token-ring frame 
due to an external address match.The ARI/FCI bits in a token-ring frame can be set due to an internal 
address-matched frame. If an EACO device is not used, XFAIL must be left unconnected. XFAIL is 
ignored when CAF mode is enabled [see table in XMATCH description (see Note 1)]. 
















XFAIL 104 


XMATCH 105 i 


T | = input, O = output 
NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 


H 
L 


External match signal. An enhanced-address-copy-option (EACO) device uses XMATCH to indicate 
to the TI380C25 to copy the frame and set the ARI/FCI bits in a token-ring frame. If an EACO device 
is not used, XMATCH must be left unconnected. XMATCH is ignored when CAF mode is enabled 
(see Note 1). 


No address match by external address checker 
External address-checker-armed state 













H 
L 


Address match recognized by external address checker 
External address-checker-armed state 


















XMATCH XFAIL FUNCTION 
0 0 Armed (processing frame data) 
0 1 Do not externally match the frame (XFAIL takes precedence). 
1 0 Copy the frame . 

| Do not externally match the frame (XFAIL takes precedence). 

Reset state (adapter not initialized) 
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architecture 


The major blocks of the TI380C25 include the communications processor (CP), system interface (SIF), memory 
interface (MIF), protocol handler (PH), clock generator (CG), and adapter-support function (ASF). The 
functionality of each block is described in the following sections. 


communications processor (CP) © 


The CP performs the control and monitoring of the other functional blocks in the TI380C25. The control and 
monitoring protocols are specified by the software (downloaded or ROM based) in local memory. Available 
protocols include: 


@ Media access control (MAC) software 
@ Logical link control (LLC) software 
@ Copy all frames (CAF) software 


The CP is a proprietary 16-bit central processing unit (CPU) with data cache and a single prefetch pipe for 
pipelining of instructions. These features enhance the TI380C25 maximum performance capability to about 8 
million instructions per second (MIPS) with an average of about 5 MIPS. 


system interface (SIF) 


The SIF performs the interfacing of the LAN subsystem to the host system. This interface may require additional 
logic depending on the application. The system interface can transfer information/data using any of these three 
methods: 


@ Direct memory access (DMA) 
@ Direct input/output (DIO) 
@ Pseudo-direct memory access (PDMA) 


DMA (or PDMA) is used to transfer all data to/from host memory from/to local memory. The main uses of DIO 
are for loading the software to local memory and for initializing the TI880C25. DIO also allows command/status 
interrupts to occur to and from the TI380C25. 


The system interface can be hardware selected for either of two modes by use of SI/M. The mode selected 
determines the memory organizations and control signals used. These modes are as follows: 


@ The Intel 80x8x families: 8-, 16-, and 32-bit bus devices 
@ The Motorola 68xxx microprocessor family: 16- and 32-bit bus devices 


The system interface supports host-system memory addressing up to 32 bits (82-bit reach into the host-system 
memory). This allows greater flexibility in using/accessing host-system memory. System designers can 
customize the system interface to their particular bus by using one of the following: 


@ Programmable burst transfers or cycle-steal DMA operations 
@ Optional parity protection 


These features are implemented in hardware to reduce system overhead, facilitate automatic rearbitration of 
the bus after a burst, or repeat a cycle when errors occur (parity or bus). Bus retries are also supported. 


The system-interface hardware also includes features to enhance the integrity of the T1380C25 and the data. 
These features include the following: 


@ Always internally maintain odd-byte parity regardless of parity being disabled 
@ Monitor for the presence of a clock failure 
® Can switch SIF speeds from 2 MHz to 33 MHz 


On every cycle, the system interface compares all the system clocks to a reference clock. If any of the clocks 
become invalid, the TI8380C25 enters the slow-clock mode, which prevents latch-up of the TI380C25. If the 
SBCLK is invalid, any DMA cycle is terminated immediately; otherwise, the DMA cycle is completed and the 
T1380C25 is placed | in slow-clock mode. 
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system interface (SIF) (continued) 


When the TI380C25 enters the slow-clock mode, the clock that failed is replaced by a slow free-running clock 
and the device is placed into a low-power reset state. When the failed clock(s) return to valid operation, the 
TI380C25 must be reinitialized. : 


For DMA with a 16-MHz clock, a continuous transfer rate of 64 megabits per second (8 Mbps) can be obtained. 
For DMA with a 25-MHz clock, a continuous transfer rate of 96 megabits per second (12 Mbps) can be obtained. 
For DMA with a 33-MHz clock, a continuous transfer rate of 128 megabits per second (16 Mbps) can be 
obtained. For 8-bit and 16-bit pseudo-DMA, the following data rates can be obtained: 


LOCAL BUS SPEED 8-BIT PDMA 16-BIT PDOMA 
<8 Mbps 64 Mbps 
96 Mips 


Since the main purpose of DIO is for downloading and initialization, the DIO transfer rate is not a significant 
issue. 







memory interface (MIF) 


The MIF performs the memory management to allow the T!1380C25 to address 2M bytes in local memory. 
Hardware in the MIF allows the T1380C25 to be directly connected to DRAMs without additional circuitry. This 
glueless-DRAM connection includes the DRAM refresh controller. The MIF also handles all internal bus 
arbitration between these blocks. When required, the MIF then arbitrates for the external bus. 


The MIF is responsible for the memory mapping of the CPU of a task. The memory maps of DRAMs, EPROMs, 
burned-in addresses (BIA), and external devices are appropriately addressed when required by the system 
interface, protocol handler, or for a DMA transfer. 


The memory interface is capable of a 64-Mbps continuous transfer rate when using a 4-MHz local bus (64-MHz 
device crystal) and a 96-Mbps continuous transfer rate when using a 6-MHz local bus. 


protocol handler (PH) 


The PH performs the hardware-based real-time protocol functions for a token-ring LAN. Network type is 
determined by TESTO-TEST2. Token-ring network is determined by software and can be either 16 Mbps or 
4 Mbps. These speeds are not fixed by the hardware but by the software. 


The PH converts the parallel-transmit data to serial-network data of the appropriate coding and converts the 
received serial data to parallel data. The PH data-management state machines direct the 
transmission/ reception of data to / from local memory through the MIF. The PH buffer-management state 
machines automatically oversee this process, directly sending / receiving linked lists of frames without CPU 
intervention. 


The protocol handler contains many state machines that provide the following features: 


Transmit and receive frames 

Capture tokens 

Provide token-priority controls 

Manage the TI380C25 buffer memory 

Provide frame-address recognition (group, specific, functional, and multicast) 
Provide internal parity protection 

® Control and verify the PHY-layer circuitry-interface signals 


Integrity of the transmitted and received data is assured by cyclic redundancy checks (CRC), detection of 
network data violations, and parity on internal data paths. All data paths and registers are optionally parity 
protected to assure functional integrity. 
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adapter-support function (ASF) | 
The ASF performs support functions not contained in the other blocks. noe support functions are: 


The TI380C25 base timer | 

Identification, management, and service of internal ana external interrupts 
Test-pin mode control, including the unit-in-place mode for board testing 
Illegal state check (checks for illegal States such as parity and illegal opcodes) 


clock generator (CG) 


The CG performs the generation of all the internal clocks required by the other functional blocks, including the 
local memory-bus clocks (MBCLK1, MBCLK2). The CG also generates the reference timer used to sample all 
input clocks (SBCLK, OSCIN, RCLK, and PXTALIN). If no transition is detected within the period of the reference 
timer on any input clock signal, the CG places the TI380C25 into slow-clock mode. The frequency of the 
reference timer is in the range of 10 KHz—100 kHz. — 


user-accessible hardware registers and TI380C25 internal pointers 


The following tables show how to access internal data via pointers and how to address the registers in the host 
interface. The SIFACL register, which directly controls device operation, is described in detail. The 
adapter-internal pointers table on.the following page is defined only after TI3880C25 initialization and until the 
OPEN command is issued. These pointers are defined by the TI880C25 software (microcode), and this table 
describes the release 2.x of the TI380C25 software. 
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Adapter-Internal Pointers for Token Ringt 


ADDRESS DESCRIPTION 


>00.FFF8t Pointer to software raw microcode level in chapter 0 


>00.FFFAt Pointer to starting location of copyright notices. Copyright notices are separated by a >0OA character and 
terminated by a >00 character in chapter 0. 


>01.0A00 Pointer to burned-in address in chapter 1 
>01.0A02 Pointer to software level in chapter 1 


>01.0A04 Pointer to T1380C25 addresses in chapter 1: 
Pointer + 0 node address 
Pointer + 6 group address 
Pointer + 10 functional address 


>01.0A06 Pointer to TI3880C25 parameters in chapter 1: 
Pointer + 0 physical-drop number 
Pointer + 4 upstream neighbor address 
Pointer + 10 upstream physical-drop number 
Pointer + 14 last ring-poll address 
Pointer + 20 reserved 
Pointer + 22 transmit access priority 
Pointer + 24 source class authorization 
Pointer + 26 last attention code 
Pointer + 28 source address of the last received frame 
Pointer + 34 last beacon type 
Pointer + 36 last major vector 
Pointer + 38 ring status 
Pointer + 40 soft-error timer value 
Pointer + 42 ring-interface error counter 
Pointer + 44 local ring number 
Pointer + 46 monitor error code 
Pointer + 48 last beacon-transmit type 
Pointer + 50 last beacon-receive type 
Pointer + 52 last MAC-frame correlator 
Pointer + 54 last beaconing-station UNA 
Pointer + 60 reserved 
Pointer + 64 last beaconing-station physical-drop number 


>01.0A08 ~ Pointer to MAC buffer (a special buffer used by the software to transmit adapter-generated MAC frames) in chapter 1 


>01.0A0A Pointer to LLC counters in chapter 1: . 
Pointer + 0 MAX_SAPs 
Pointer + 1 open SAPs 
Pointer + 2 MAX_STATIONs 
Pointer + 3 open stations 
Pointer + 4 available stations 
Pointer + 5 reserved 


>01.0A0C Pointer to 4-/16-Mbps word flag. If zero, the adapter is set to run at 4 Mbps. If nonzero, the adapter is set to run at 16 Mbps. 
>01.0A0E Pointer to total TI8380C25 RAM found in 1K bytes in RAM allocation test in chapter 1. 


Tt This table describes the pointers for release 2.x of the TI380C25 software. 
+ This address valid only for microcode release 2.x 
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User-Access Hardware Registers 
80x8x 16-BIT MODE: (SI/M = 1, $8 / SHALT = 0)T 


WORD TRANSFERS 


BYTE TRANSFERS 


SRSX SRSO SRS1 


SIFDAT MSB 
SIFDAT / INC MSB 
SIFADR MSB 
SIFCMD 

SIFACL MSB 
SIFADR MSB 
SIFADX MSB 
DMALEN MSB 


Tt SBHE = 1 and SRS2 = 1 are not defined 
80x8x 8-BIT MODE: (SI / Mz 1, S8/SHALT = 1) 


SRSX SRSO SRS1 


“a et mtr roms nr sr ODO OOOOOO 
—w ser OQOoaononono-- = s+ Oaodond 
=~320O4==00=-=300-400 
|[=ao = o = oOo =" O =" O $+" O =] O = O 


68xxx MODE: (SI/M = 0)+ 


WORD TRANSFERS 


BYTE TRANSFERS 


SRSX SRSO SRS1 


SIFDAT MSB 
SIFDAT/INC MSB 
SIFADR MSB 
SIFCMD 

SIFACL MSB 
SIFADR MSB 
SIFADX MSB 
DMALEN MSB 


+ 68xxx mode is always 16 bit. 


NORMAL MODE 
SBHE = 0 
SRS2 =0 


SBHE = 1 
SRS2 =0 


SIFDAT LSB 
SIFDAT / INC LSB 
SIFADR LSB 
SIFSTS 

SIFACL LSB 
SIFADR LSB 
SIFADX LSB 
DMALEN LSB 


SIFDAT LSB 
SIFDAT MSB 
SIFDAT/INC LSB 
SIFDAT/INC MSB 
SIFADR LSB 
SIFADR MSB 
SIFSTS 

SIFCMD 

SIFACL LSB 
SIFACL MSB 
SIFADR LSB 
SIFADR MSB 
SIFADX LSB 
SIFADX MSB 
DMALEN LSB 
DMALEN MSB 


SIFDAT LSB 
SIFDAT/INC LSB 
SIFADR LSB 
SIFSTS 

SIFACL LSB 
SIFADR LSB 
SIFADX LSB 
DMALEN LSB 


PSEUDO-DMA MODE ACTIVE 


SDMADAT MSB 
DMALEN MSB 
SDMAADR MSB 
SDMAADX MSB 
SIFACL MSB 
SIFADR MSB 
SIFADX MSB 
DMALEN MSB 


SBHE = 0 
SRS2 = 0 


SBHE = 1 
SRS2=0 


SDMADAT LSB 
DMALEN LSB 
SDMAADR LSB 
SDMAADX LSB 
SIFACL LSB 
SIFADR LSB 
SIFADX LSB © 
DMALEN LSB 





srs |. NORMAL MODE PSEUDO-DMA MODE ACTIVE 
| SBHE = X SBHE = X 


SDMADAT LSB 
SDMADAT MSB 
DMALEN LSB 
DMALEN MSB 
SDMAADR LSB 
SDMAADR MSB 
SDMAADX LSB 
SDMAADX MSB 
SIFACL LSB 
SIFACL MSB 
SIFADR LSB 
SIFADR MSB 
SIFADX LSB 
SIFADX MSB 
DMALEN LSB 
DMALEN MSB 


PSEUDO-DMA MODE ACTIVE 


SUDS = 0 


SDMADAT MSB 
DMALEN MSB 


SDMAADR MSB _ 


SDMAADX MSB 
SIFACL MSB 
SIFADR MSB 
SIFADX MSB 
DMALEN MSB 


SDMADAT LSB 
DMALEN LSB 
SDMAADR LSB 
SDMAADX LSB 
SIFACL LSB 
SIFADR LSB 
SIFADX LSB 
DMALEN LSB 
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SIF adapter-control register (SIFACL) 


The SIFACL register allows the host processor to control and to some extent reconfigure the TI880C25 under 
software control. 


SIFACL ae 


NSEL | NSEL 


R RR cS 





N+AQOM=—1] 





Read 

Write 

Write during ARESET = 1 only 
Set only 

Value after reset 

Value on BTSTRP 

Value on PRTYEN 
Indeterminate 


Bits 0-2: Value on TESTO and TEST 2 pins 


These bits are read only and always reflect the value on the corresponding device pins. This 
allows the host S/W to determine speed configuration. If the network speed and type are 
software configurable, these bits can be used to determine which coe anne are supported 
by the network hardware. 


tout t# Ww & & Wl 


TESTO TEST1 TEST2 Description 


L NC H ——«-16-Mbps token ring 
H NC H 4-Mbps token ring 
X X L Reserved 

Bit 3: Reserved. Read data is indeterminate. 

Bit 4: SWHLDA — Software Hold Acknowledge 


This bit allows the function of SHLDA/SBGR to be emulated from software control for 
pseudo-DMA mode. 


[psouen [wate [Sarna RESULT 


X SWHLDA value in the SIFACL register cannot be set to a one. 
0 

Hit 
X 


No pseudo-DMA request pending 
Tt The value on SHLDA / SBGR is ignored. 





Indicates a pseudo-DMA request interrupt 
Pseudo-DMA process in progress 
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Bit 5: | 


Bit 6: 


Bit 7: 


Bit 8: 


Bit 9: 


Bit 10: 


SWDDIR — Current SDDIR Signal Value 


This bit contains the current value of the pseudo-DMA direction. This enables the host to easily 
determine the direction of DMA transfers, which allows system DMA to be controlled by system 
software. 


0 Pseudo DMA from host system to TI380C25 
1 Pseudo DMA from TI380C25 to host system 


SWHRQ — Current SHRQ Signal Value 


This bit contains the current value on SHRQ/SBRQ when in Intel mode, and the inverse of the 
value on SHRQ/SBRQ when in Motorola mode. This enables the host to easily determine if a 
pseudo-DMaA transfer is requested. 





INTEL MODE (SI/M = H) MOTOROLA MODE (SI/M = L) © 
0 = System bus not requested System bus not requested 
1 = System bus requested System bus requested 


PSDMAEN — Pseudo-System-DMA Enable 


This bit enables pseudo-DMA operation. 


0 = Normal bus-master DMA operation is possible. 
1 =  Pseudo-DMA operation selected. Operation dependent on the values of the SWHLDA 
and SWHRQ bits in the SIFACL register. 


ARESET — Adapter Reset 


This bit is a hardware reset of the TI380C25. This bit has the same effect as SRESET except | 
that the DIO interface to the SIFACL register is maintained. This bit is set to 1 if a clock failure 
is detected (OSCIN, PXTALIN, RCLK, or SBCLK not valid). 


O = _ The TI3880C25 operates normally. 
1 = The TI380C25 is held in the reset condition. 


CPHALT — Communications-Processor Halt 
This bit controls the TI880C25 processor access to the internal TI380C25 buses. This prevents 
the TI880C25 from executing instructions before the microcode has been downloaded. 


0 = _ The TI380C25 processor can access the internal TI380C25 buses. 
1 = The TI380C25 processor is prevented from accessing the internal adapter buses. 


BOOT — Bootstrap CP Code 
This bit indicates whether the memory in chapters 0 and 31 of the local-memory space is RAM 
or ROM/PROM/EPROM. This bit controls the operation of MCAS and MROMEN. 


0 ROM/PROM/EPROM memory in chapters 0 and 31 
1 RAM memory in chapters 0 and 31 
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Bit 11: 


Bit 12: 


LBP — Local-Bus Priority 
This bit controls the priority levels of devices on the local bus. 
0 No external devices (such as TI380FPA) are used with the TI380C25. 


1 An external device (such as TI380FPA) is used with the TI880C25. This allows the 
external bus master to operate at the necessary priorities on the local bus. 


If the system uses the TMS380SRA only, the bit must be set to 0. If the system uses both the 
TMS380SRA and the TIS80FPA, the bit must be set to 1. 


SINTEN — System-interrupt Enable 


This bit allows the host processor to enable or disable system-interrupt requests from the 
TI380C25. The system-interrupt request from the TI380C25 is on SINTR/SIRQ. The following 
equation shows how SINTR/SIRQ is driven. The table also explains the results of the states. 


SINTR/SIRQ = (PSDMAEN * SWHRQ * !SWHLDA) + (SINTEN * SYSTEM_INTERRUPT) 


SYSTEM 
INTERRUPT 
(SIFSTS 
REGISTER) 








SWHLDA | SINTEN RESULT 


Pseudo DMA is active. 


The T1380C25 generated a system interrupt for a pseudo DMA. | 
| Not a pseudo-DMaA interrupt . | 


| The TI380C25 generates a system interrupt. 
| The TI380C25 does not generate a system interrupt. 
| The TI380C25 cannot generate a system interrupt. 





Tt The value on SHLDA / SBGR is ignored. 


Bit 13: 


Bit 14 — 15: 


PEN — Parity Enable 
This bit determines whether data transfers within the TI880C25 are checked for parity. 


0 Data transfers are not checked for parity. 
1 Data transfers are checked for correct odd parity. 


NSELOUTO, NSELOUTO 1 — Network-Selection Outputs 


The values in these bits control NSELOUTO and NSELOUT1. These bits can be modified only 
while the ARESET bit is set. 


These bits can be used to software configure a TI380C25 as follows: NSELOUTO should be 
connected to TESTO (TEST1 should be left unconnected and TEST2 should be tied high). 
NSELOUTO and NSELOUT1 are used to select network speed as shown below: 


NSELOUTO | NSELOUT1 SELECTION 


0 0 _ | Reserved 
0 1 

1 0 

1 1 


16-Mbps token ring 
At power up, these bits are set corresponding to 16-Mbps token ring (NSELOUT1 = 1, 
NSELOUTO = 0). 









Reserved 






4-Mbps token ring 
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SIFACL control for pseudo-DMA operation 


Pseudo DMA is software controlled by the use of five bits in the SIFACL register. The logic model for the SIFACL 
register control of pseudo-DMA operation is shown in Figure 2. 


Internal 
Signals 


SYSTEM_INTERRUPT 


(SIFSTS register) 


DMA 
Request 


DMA 
Grant 


DMADIR 


Motorola Mode 





g ie O 
quae 
i a 
“[SwHtoa [Swoon | Swana[--- [PSMAEN] SWTEN[ = 


SIFACL Register 


Figure 2. Pseudo-DMA Logic Related to SIFACL Bits 


Host 
Interface 


SINTR/SIRQ 


SHRQ/SBRQ 


SHLDA/SBGR 


SDDIR 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Slipply Voltage... Ving (See Note 8) senses tate cou seleias ous cnet a eee te tee dette ceeant ads 7V 
Input voltage range, V; (See Note 8) ....... ce ccc cece eee eee eee eee eens -0.3V to 20 V 
OCUTDUEVONAGSTANDS® ehcig. nua snnhandcON edd Wend Ca eARA Ree ee Rea hee Sees -~2Vto7V 
POWCROISSIDANON: 224.595 .degu cea pacudia Gases aGit ae aw te ee cee eua woke wewee awh oeces cages 0.9 W 
Operating free-air temperature range, Ta ..... ce eee cee eee teen eet eee ene tees 0°C to 70°C 
Storage temperature Tange: i462 seca seco soe chain eiewaals ee pata cannes Sees sae yet ewes —65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 8: Voltage values are with respect to Vss. 


recommended operating conditions 


a oS 
[vss Supphyvotage GeeNole) —OOCSCSC~C~“SC—“‘SCS*‘“‘~*S*S*Ss*“‘“‘~‘~SCSCC 
[lon Hiahevelouputourent SSCS at 


NOTES: 9. All Vsgs pins should be routed to minimize inductance to system ground. | 
10. The algebraic convention, where the more negative (less positive) limit is designated as a minimum, is used for logic-voltage levels 
only. 
11. Output current of 2 mA is sufficient to drive five low-power Schottky TTL loads or ten advanced low-power Schottky TTL loads (worst 
case). 

















VIH High-level input voltage 








electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS+ MIN TYP MAX] UNIT 
VOH _ High-level output voltage, TTL-level signal (see Note 12) Vpp = MIN IOH = MAX 


VoL __ Low-level output voltage, TTL-level signal Vpp=MIN, lol=MAX [| 06] Vs 


i" VoD=WAK, Vo=24¥ ? 
lO High-impedance output current pA 
Vpp=MAX, _Vo=04V 
|= 















[Input current any nputoriput/outpat «dt Wi=VegtoVpp = SSSSSSCSCi OV 


+ For conditions shown as MIN/MAX, use the appropriate value specified under the recommended operating conditions. 
NOTE 12: The following signals require an external pullup resistor: SRAS/SAS, SRDY/SDTACK, SRD/SUDS, SWR/SLDS, 
EXTINTO—EXTINT3, and MBRQ. 
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PARAMETER MEASUREMENT INFORMATION 


timing parameters 


The timing parameters for all the signals of the TI380C25 are shown in the following tables and are illustrated 
in the accompanying figures. The purpose of these figures and tables is to quantify the timing relationships 
among the various signals. The parameters are numbered for convenience. . 


static signals 


The following table lists signals that are not allowed to change dynamically and therefore have no timing 
associated with them. They should be strapped high, low, or left unconnected as required. 













Test terminal for T| manufacturing test T | 


t For unit-in-place test 


TESTO Test terminal indicates network type 





timing parameter symbology 


Some timing parameter symbols have been created in accordance with JEDEC Standard 100-A. In order to 
shorten the symbols, some of the signal names and other related terminology have been abbreviated as shown 


below: 
DR DRVR RS SRESET 
DRN DRVR VDD VppL- VDD 
OSC OSCIN 
SCK — SBCLK 


Lower case subscripts are defined as follows: 


Cc cycle time r rise time 

d delay time sk skew 

h hold time su setup time 

Ww pulse duration (width) - t transition time 


The following additional letters and phrases are defined as follows: 


H High Z High impedance 
L Low | | Fallingedge No longer high 
V Valid Rising edge No longer low 
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PARAMETER MEASUREMENT INFORMATION 
Outputs are driven to a minimum high-logic level of 2.4 V and to a maximum low-logic level of 0.6 V. These levels 
are compatible with TTL devices. 


Output transition times are specified as follows: For a high-to-low transition on either an input or output signal, 
the level at which the signal is said to be no longer high is 2 V and the level at which the signal is said to be low 
is 0.8 V. For a low-to-high transition, the level at which the signal is said to be no longer low is 0.8 V and the level 
at which the signal is said to be high is 2 V, as shown below. 


The rise and fall times are not specified but are assumed to be those of standard TTL devices, which are typically 


1.5 ns. 
a 2 V (high) 
ae —— 0.8 V (low) 


test measurement 


The test-load circuit shown in Figure 3 represents the programmable load of the tester pin electronics that are 
used to verify timing parameters of TI880C25 output signals. 





ry 
Tester Pin | 
Electronics | 
| 
; | Output 
VLOAD Under 
Test 


devel 
Where: Io. = 2mA, dc-level verification (all outputs) 
lOH = 400 A (all outputs) 
VLOAD = 1.5 V, typical dc-level verification or 
0.7 V, typical timing verification 
Cr = 65 pF, typical load-circult capacitance 


Figure 3. Test-Load Circuit 
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power up, SBCLK, OSCIN, MBCLK1, MBCLK2, SYNGIN, and SRESET timing 


[no [TINS NOM MAX] UNIT 
100t “| tyvpp) Rise time, 1.2 V to minimum Vpp-high level ae 
101Tt td(VDDH-SCKV) Delay time, minimum Vpp-high level to first valid SBCLK no longer high nn) i 

7 


102Tt | tqaivpDH-OScv) Delay time, minimum Vpp-high level to first valid OSCIN high | 
103 | teysck) Cycle time, SBCLK (see Note 13) 







—_k 
io) 
92) 
oO 
oO 





30.3 





—_ 

ie) 
qi 
oO 
© 


tw(SCKH Pulse duration, SBCLK high 500 
tw(SCKL Pulse duration, SBCLK low 
106t =| tyscK Transition time, SBCLK 


1/OSCIN 


107 tce(OSC Cycle time, OSCIN (see Note 14) 

OSCIN = 64 MHz 
tw(OSCh) Pulse duration, OSCIN high (see Note 15) OSCIN = 48 MHz 
OSCIN = 32 MHz 
OSCIN = 64 MHz 
OSCIN = 48 MHz 
OSCIN = 32 MHz 


‘ot 
in 
5 
i 
z 
ize to SRESET hi ) | 10 
i n SRESET hi 10 


108 





5.5 





109 tw(OSCL) Pulse duration, OSCIN low (see Note 15) 





—t 


a 
—+ 


11 
11 
11 ; 


tsu(RST Setup time, DMA size to SRESET high (Intel mode only 
t th(RST Hold time, DMA size from SRESET high (Intel mode only) 


— | CLKDIV =H 2 
One-eighth of a local memory cycle |CLKDIV=H '(OSC 
CLKDIV=L_[2tyosc) 


T This specification is provided as an aid to board design. It is not assured during manufacturing testing. 
+ If parameter 101 or 102 cannot be met, parameter 117 must be extended by the larger difference: real value of parameter 101 or 102 minus the 
max value listed. 
NOTES: 13. SBCLK can be any value between 2 MHz to 33 MHz. This data sheet describes the system interface (SIF) timing parameters for 
the case of SBCLK at 25 MHz and at 33 MHz. 
14. The value of OSCIN can be 64 MHz +1%, 32 MHz + 1%, or 48 MHz + 1%. If OSCIN is used to generate PXTALIN, the OSCIN 
tolerance must be +0.01%. 
15. This is to assure a + 5% duty-cycle crystal, provided that OSCIN meets the recommended operating conditions for Vj} and Vj, . 


28 
28 


fee] 


: 
p B 


© 





r 





tM 
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—> je 100 
Vpp | | ee Minimum Vpp-High Level 
j——--—— 103 ————» 
a oa 10a . 3 eae 
SBCLK AOD se aes. i ee ae 

















—— 
| fe tos > fe 19 
FE NI NI NL NIRA 


e) Ss Cc | N RXXX KKK KOK ND 


| | | | pl le 110 
| | le 109 
¢:6°0°0'4'6'6-6'4 
MBCLK1 ASSYLYYLYLX)_/| 
a 
MBCLK2 ARERR | 


EOCENE 


| l¢— 118 —» 
amare | je 119—») 


SRESET LER / \ / 


| | | | 
| 288 - 536 
‘eects TTS 
S8/SHALT 
as 


NOTE A: In order to represent the information in one illustration, nonactual phase and timebase characteristics 
are shown. Refer to specified parameters for precise information. 


Figure 4. Timing for Power Up, System Clocks, SYNCIN, and SRESET 
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memory-bus timing: local-memory clocks, MAL, MROMEN, MBIAEN, NMI, MRESET, and ADDRESS 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). 


2 
[1 | Period of MBOLKi end BGK SSCS 
[2 [Puseduration,clookhigh ———SSSSOSCSCSCSCSTTSCSCSCS mie 
[a | Pulse duration, cooklow SOS tye i 
[4] old time, MECLK® low afer MBCLKi gh OSS ds 
[5 | Hold time, MECLKY high afer MBCLK2 High OSS 
6 | Hota time, MBCLK2 high ater MBCLK1 ow SSS 
























[7 | Holdtime, MBGLKT lowafterMBCLK2Iow SS SCSCSCS~CSCSSi 8s 
[8 _| Setup time, addross/ enable on MAXO, MAX@, and MROMEN before MBCLK? nolongerhign | tw-8 «| ns 
[2 _| Setup time, row address on MADLO-MADL7, MAXPH, and MAXPL before MBOLKt nolongerhigh | im-14 | _na_| 
[10 | Setup time, address on MADHO-MADH7 before MBGLKT nolongerfigh | tM ors 
|_11_ [Setup time, MAL high before MBCLK1 nolongerhigh ts 
[12 | Setup time, address on MAXO, MAX2, and MROMEN before MBOLKinolongeriow ——«(ostw9 «re 
a 
is longer low 
[14 _| Setuptime, status on MADHO-MADH7 before MBOLKT nolongeriow ——=—SSSSSSSSC* SOs 
120_| Setuptime, NMivaldbetoreMBOLKilow SSCS SSCS 
[121 _|Holdtime, NMivalidaferMBCLKTIow SSCS Sid 
[126 _| Delay time, MBCLKi nolongerlowtoMRESETvaid SCSCSC~S~SCSCSCSC~SYSSCSSSC rs 
129 | Hold time, column address/status after MBCLK1 no longer low | | otM-7 | ons 





Reference 4 Periods 8 Periods — 12 Periods 16 Periods 20 Periods 


OSCIN 
(when CLKDIV = 1) | | | | | | 








OSCIN | | | | | | 
(when CLKDIV = 0) , | 


MBCLK2T i l 


T MBCLK1 and MBCLK2 have no timing relationship to OSCOUT. MBCLK1 and MBCLK2 can start on any OSCIN rising edge, depending on when 
the memory cycle starts execution. 


Figure 5. Clock Waveforms After Clock Stabilization 
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MBCLK1 


‘ ' | ' 
' ' ' ' ' | ‘ ' 
Me 
jy 

aa >| 

MBCLK2 | | | pot i. 
| | 
9 en 
MAXPH, | 
MADLO-—MADL7 
° | | 





10 —pi 
1p] ke ! 
ee oe | 
MAL 
120 +49 iy 





















WW YOK RY 


KX 
ROKK KKLKKKK KKK) 


MRESET Valid 


Figure 6. Memory-Bus Timing: Local-Memory Clocks, MAL, MROMEN, MBIAEN, NMI, MRESET, and AD 
DRESS 
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memory-bus timing: clocks, MRAS, MCAS, and MAL to ADDRESS 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). = | 


Setup time, row address on MADLO—MADL7, MAXPH, and MAXPL before MRAS no longer 1.5tyy — 11.5 
high i eye. 


Hold time, row address on MADLO—MADL7, MAXPH, and MAXPL after MRAS no longer high 
Delay time, MRAS no longer high to MRAS no longer high in the next memory cycle 















Pulse duration, MRAS low 4.5tyy -5 
Pulse duration, MRAS high 


Setup time, column address (MADLO—MADL7, MAXPH, and MAXPL) and_ status 
(MADHO—MADH7) before MCAS no longer high 











Pulse duration, MCAS low 
Pulse duration, MCAS high, refresh cycle follows read or write cycle | 2tw-9 sd 


Hold time, column address (MADLO-—MADL7, MAXPH; and MAXPL) and status 
(MADHO-MADH7) after MCAS low 


| NO. | 

pe 
pons | 
pons 
pons | 
cons | 
pe 
po 

59 Hold time, column address (MADLO-—MADL7, MAXPH, and MAXPL) and_ status > Bim —6.5 
(MADHO MADH/7) after MRAS no longer high “SIM 

eee 
[ons 
[25 om 
pons 
Ze] ns 
fe - pons 
nee 


Setup tio, waders on WAKLO- MARL, MAXPH and MAXPLbefore HAC nolongerTgh | ww=9 
oa 1 TS A= 
Setup time, address on MADHO-MADH7 before MAL no longer high f tM-9 


Hold time, address on MADHO—MADH7 after MAL low 








wi TEXAS 
INSTRUMENTS 


4-34 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TI380025 
TOKEN-RING COMMPROCESSOR 


SPWS012 — JANUARY 1995 


Ge a Fae a a eT a Nae aw EN Be EN 
MADLO- MADL? 


| 46 —tq! | NE 





=e +20 | | 


MAXO, 
MROMEN 


is is ! ih | z | | 
31 
a 20 | ag 
ies il ied a (Address X status) = 
= | 


Figure 7. Memory-Bus Timing: Clocks, MRAS, MCAS, and MAL to ADDRESS 
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memory-bus timing: read cycle 


tw is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). 


Access time, address/enable valid on MAX0, MAX2, and MROMEN to valid data/parity 6ty - 23 


Access time, address valid on MAXPH, MAXPL, MADHO—MADH7, and MADLO—MADL7 to 
valid data/parity 6ty—-23 














UNIT 


32 
33 


Access time, MRAS low to valid data/parity 4.5ty—-21.5 
Hold time, valid data/parity after MRAS no longer low ae 


Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO-MADH7 and ot 7 40.5 | 
MADLO-~MADL7 after MRAS high (see Note 16) Mais 


[Access tne, MGR low oval data/pary —————S~ Sig 

39 | Hold time, valid data/parity after MCAS no longer low | | eee tO a 

got | Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO-MADH7, and 
MADLO-—MADL7 after MCAS high (see Note 16) 

41 

got Setup time, address/status in the high-impedance state on MAXPH, MAXPL, po 
MADLO—MADL7, and MADHO—MADH7 before MOE no longer high 

[Doay tine, GAS low toNOE nolngeriow SSCS ay 

Hol time, vad data/pay inater MOE no ongeriow —~—S~CSS CSS 


47t Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO—MADH/7, and oth —15 
MADLO-—MADL7 after MOE high (see Note 16) M 


49 Access time, MBEN low to valid data/parity Ft 25 | 
49a | Access time, MBIAEN low to valid data /parity | Pty = 25 | 


37t 












43 
44 
45 





Setup time, address/status in the high-impedance state on MAXPH, MAXPL, 
MADLO-MADL7, and MADHO—MADH/7, before MBEN no longer high 


Setup time, address/status in the high-impedance state on MAXPH, MAXPL, 
MADLO—MADL7, and MADHO—MADH7 and before MBIAEN no longer high 






4gt 









48at 





Pulse duration, MBEN low | tM-9 
Pulse duration, MBIAEN low | tM-9 
Hold time, valid data/parity after MBEN no longer low i ee 


Hold time, valid data/parity after MBIAEN no longer low 


sat | Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO-MADHY7, and | 541 pons 


MADLO—MADL7 after MBEN high (see Note 16) 


5oat Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO-—MADH/, and otay—15 
- MADLO-MADL7 after MBIAEN high M 
Hold time, MDDIR high after MBEN high, read follows write cycle 1.5ty—12 fF onisy 2 
Setup time, MDDIR low before MBEN no longer high 7 | 3iu-5 sido 


| 55 | Hold time, MDDIR low after MBEN high, write follows read cycle | 3im-12 sos 


T This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 

NOTE 16: The data/parity that exists on the address.lines will most likely reach the high-impedance state sometime later than the rising edge 
of MRAS, MCAS, MOE, or MBEN (between MIN and MAX of timing parameter 36) and will be a function of the memory being read. 
The MIN time given represents the time from the rising edge of MRAS, MCAS, MOE, or MBEN to the beginning of the next address, 
and does not represent the actual high-impedance period on the address bus. 
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MAXO, 
se a 
MROMEN 


59 —— Data/Parity 
MAXPH, MAXPL, 
saa 7) Gam 
MADLO—MADL7 





Figure 8. Memory-Bus Timing: Read Cycle 
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ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). | 


a 
[58 | Setuptime, MW iow before MAAS nolongerlow SOS 
60 | Setup time, MW/iow before MCAS no longerlow SSCS Cy S*dSC 
[68 | Setup ime, valid data/pariy betore MW nolongerhigh SSCS Cd 

G4 [Pulse duration, Wow SOS yd 
25 [Hod time,data/party out valdaerMWhigh ————SCSCS~S~S~« Oy TS*dSC 














ime, WFIAS low to MW a 
[69 [ Hold ime, MCAS low toMWno longerlow SY 
70 | Setup time, MBEN low before MW no longerfigh———SOSCSCS~d yi 
[71 [Hod time, WEEN ow aterMWhignh SSCS ty iC 
[72 | Setup time, MDDIR high before MBEN nolongertigh SSCS 
73 [Hod ime, MODIR righ afer MBENigh dy ts 


MAX0 
’ Address/ 
MAX2 Enable Address fama enum eines 





MROMEN 
| : | 
MAXPH, MAXPL, : 
MADHO-—MADH7, —=— ADD/STS Data/ Parity Out -> — = 
MADLO-—MADL7 , | . 


| | | | 
| | 
MRAS | | | 


Ie 70 —> TGP Ie 
MBEN . / \ in 
| : "| 
— 72 —» 73 —+—> 


MDDIR a X 


Figure 9. Memory-Bus Timing: Write Cycle 
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memory-bus timing: DRAM-refresh timing 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). 


Setup time, row address on MADLO—MADL7, MAXPH, and MAXPL before MRAS no longer high 
Hold time, row address on MADLO—MADL7, MAXPH, and MAXPL after MRAS no longer high 


Pulse duration, MRAS low 4.5ty—-5 
Pulse duration, MRAS high 3.5tq—5 

















15 


16 
18 
19 


73b | Hold time, MCAS low after MRAS low 4.5tyy— 6.5 
73c | Setup time, MREF high before MCAS no longer high 14 
73d | Hold time, MREF high after MCAS high 


73a _ | Setup time, MCAS low before MRAS no longer high 1.5tyy—11.5 






! 16 —q—>| 
aon nas 
Lge eed ee 
MRAS \ \7 K 
| 
lg»! | 
bis | lk¢—_——__———- 73b ——_—____ >| 
MCAS \ ; V | 
| | 
j¢—pl— 73¢ k¢—l— 73d 


MREF ] K 


Figure 10. Memory-Bus Timing: DRAM-Refresh Cycle 


XMATCH and XFAIL timing 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). 


NON aT 
Delay time, status bit 7 high to XMATCH and XFAIL recognized | 7m ons | 
Pulse duration, XMATGH or XFAIL high 











maDHT 00) KKK 
fg hae 7 : lq- 128 -p 


XMATCH, | 
XFAIL 


Figure 11. XMATCH and XFAIL Timing 
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token ring: ring-interface timing 


a 


C7 eee SOK Ea 
Period of RCLK (see Note 17) P | oe pons | 


4 Mbps nominal: 62.5 ns JOE ap 
154L | Pulse duration, RCLK low 
16Mbps nominal 15.625ns_ | 15 ~*«| ons 


4 Mbps nominal: 62.5 ns ee 
154H | Pulse duration, RCLK high z 
| 7 16Mbpsnominal: 15.625ns | 8 | 


Setup time, RCVR valid before rising edge (1.8 V) of RCLK at 16 Mbps ee a 
Hold time, RCVR valid after rising edge (1.8 V) of RCLK at 16 Mbps | P44 os 
ae eee rae ere ee J4Mbps | is 

ce ee 


fawops TO 
158H | Pulse duration, ring baud clock high pons 
16 Mbps se 


Period of OSCOUT and PXTALIN (see Note 17) aire Eanes 
16 Mbps (for PXTALIN only) 31.25 | ons 
hones, Tolerance of PXTALIN input frequency (see Note 17) Gere + 0.01 | % | 


NOTE 17: This parameter is not tested but is required by the IEEE 802.5 specification. 


}¢————_——___—__—— 159. —__—_________» 
| kj——  154H sg) 


















a. 
> 
o1 





















om XOX QD 











OSCOUT, 
PXTALIN 





| 
k¢-—— 165 ——>! 
Figure 12. Ring-Interface Timing 
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token ring: transmitter timing 
Nx NT 
159 It Delay from DRVR rising edge (1.8 V) to DRVR falling edge (1 V) or DRVR falling 40 

sk(DR) edge (1 V) to DRVR rising edge (1.8 V) 
160 |tg/DR yt | Delay from RCLK (or PXTALIN) falling edge (1 V) to DRVR rising edge (1.8 V) | See Note 18 
161 taDRyLt ay from RCLK (or PXTALIN) falling edge (1 V) to DRVR falling edge 












63 | t(D>RN it Delay from RCLK (or PXTALIN) falling edge (1 V) to DRVR rising edge (1.8 V) | See Note 18 


DRVR/DRVR tory. + torn  tacoryH + tarorNyL H5 
asymmetry 2 = 2 te 


t When in active-monitor mode, the clock source is PXTALIN; otherwise, the clock source is either RCLK or PXTALIN. 
NOTE 18: This parameter is not tested to a minimum or a maximum but is measured and used as a component required for parameter 164. 


2.6V 
RCLK or PXTALIN a Ae, ee ee 1.5V 
0.6V 


— = 
Oo 
pa 






2.4V 
DRVR 1.5V 
a5 ! ! 0.6V 
<—_>- <—>- 161 
| pl ke 159 | —w le 159 
| | | 2.4V 
DRVA | l | 15V 
| | ! 0.6V 
Ke 162 —>) | age e, 


Figure 13. Skew and Asymmetry From RCLK or PXTALIN to DRVR and DRVR 
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80x8x DIO read-cycle timing 


Delay time, SRDY low to either SCS or SRD high 15 
Pulse duration, SRAS high 30 


Hold time, SAD in the high-impedance state after SRD low 
(see Note 19) 


Setup time, SADHO-SADH7, SADLO-SADL7, SPH, and 
SPL valid before SRDY low 
o6it Delay time, SRD or SCS high to SAD in the high-impedance 
State (see Note 19) 
Hold time, output data valid after SRD or SCS high 
(see Note 19) 


Setup time, SRSX, SRSO-SRS2, SCS, and SBHE valid to 
SRAS no longer high (see Note 20) | 


Hold time, SRSX, SRSO—SRS2, SCS, and SBHE valid after 
SRAS low 


266a. | Setup time, SRAS high to SRD no longer high (see Note 20) 


Setup time, SRSX, SRSO—SRS2 valid before SRD no longer 
high (see Note 19) 

Hold time, SRSX, SRSO-—SRS2 valid after SRD no longer low 
(see Note 20) 


at ’ 


33-MHz OPERATION 


-25-MHz OPERATION 





255 
256 


® 

oe) 

© 
Cc 
z 
= 


& | & on 
BR — © 
» + 





{ 
1 
1 


nh 

fo>) 

| 

+H 
wo 
a 


265 
268 
72a Son 


f to SRD no longer high 'e(SCK) 


273a__| Hold time, SRD, SWR, and SIACK high after SRD high to(SCK 


Delay time, SRD and SWR, or SCS high to SRDY high 0 


(see Note 19) e 


Delay time, SRD and SWR, high to SRDY in the 
282a__| Delay time, SDBEN low to SRDY low in a read cycle | .0 te(SCK) /2 +4 0 te(SCK) /2 +4 | 


high-impedance state 
Delay time, SRD low to SDBEN low (see TMS380 Second 
Generation Token-Ring User’s Guide, SPWU005, subsection te(SCK) + 8 0 te(SCK) +3 
3.4.1.1.1), provided previous cycle completed . 
283R ‘| Delay time, SRD high to SDBEN high (see Note 19) 0 te(SCK) /2 + 4 0 te(SCK) /2 +4 
286 Pulse duration, SRD high between DIO accesses t 

(see Note 19) te(SCK) c(SCK) — 
Tt This specification is provided as an aid to board design. It is not assured during manufacturing testing. 
t It is the later of SRD and SWR or SCS low that indicates the start of the cycle. | 
NOTES: 19. The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt-acknowledge 

cycles. 
20. In80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO — SRS2, and SCS. When used to do so, SRAS must 


meet parameter 266a, and SBHE, SRSO-SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 


H 
2) 
oS 


Setup time, SRD, SWR, and SIACK high from previous cycle 


’ 
’ 
, 
’ 


0 
5 
5 
0 















282R 








Nh 

~] 
i) oO 

N 

o1 














Ma TEXAS 
INSTRUMENTS 


4—42 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


SCS, SRSX, 
SRSO-SRS2, 





” 
P) 
oO 


SDDIR 





SRDY+ 


SADHO-SADH7, 
SADLO-SADL7 
SPH, SPL§ 
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Valid Valid T 





— ws nT 2 


T In 80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO-SRS2, and SCS. When used to do so, SRAS must meet 
parameter 266a, and SBHE, SRSO—SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a and 264 are 
irrelevant and parameter 268 must be met. 

+ When the TMS380C25 begins to drive SDBEN inactive, it has already latched the write data internally. Parameter 263 must be met to the input 


of the data buffers. 








§ In 8-bit 80x8x mode DIO reads, the SADHO—SADH7 contain don't care data. 


Figure 14. 80x8x DIO Read-Cycle Timing 
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80x8x DIO write-cycle timing 


Delay time, SRDY low to either SCS or SWR high 









25-MHz OPERATION 33-MHz OPERATION 


Cc 
< 
—j 





255 


Pulse duration, SRAS high 


Setup time, SADHO—SADH7, SADLO-SADL7, SPH, and SPL , 
valid before SCS or SWR no longer low 


Hold time, SADHO-SADH7, SADLO-—SADL7, SPH, and SPL , 
valid after SCS or SWR high 


Setup time, SRSX, SRSO-—SRS2, SCS, and SBHE to SRAS no 
longer high (see Note 20) 

Hold time, SRSX, SRSO-—SRS2, SCS, and SBHE after SRAS 
low 


15 
5 | 







2 
2 


266a_ | Setup time, SRAS high to SWR no longer high (see Note 19) 


Setup time, SRSX, SRSO-SRS2 before SWR no longer high 
(see Note 19) 


10 
15 
15 


nD 
ron) 
Ni 
+ 


64 

65 . 

268 Hold time, SRSX, SRSO-—SRS2 valid after SWR no longer low 
(see Note 20) 

Setup time, SRD, SWR, and SIACK high from previous cycle to 


2728 | SWR no longer high te(SCK) 


273a_ | Hold time, SRD, SWR, and SIACK high after SWR high to(SCK 


Delay time, SRDY low in the first DIO access to the SIF register 
to SRDY low in the immediately following access to the SIF (see 
TMS380 Second-Generation Token Ring User’s. Guide, 
SPWU005, subsection 3.4.1.1.1) 


275 =| Delay time, SWR or SCS high to SRDY high (see Note 19) 
2798 | Delay time, SWR high to SRDY in the high-impedance state 0 te(SCK 0 to(SCK 
280 | Delay time, SWR low to SDDIR low (see Note 19) 0 to(SCk) /2 +4 0 te(SCK) /2 +4 


lf SIF register is 


Delay time, SDBEN low to SRDY low (see | Teady (no waiting 0 toScK)/2+4 0 tygcK)/2+4 
TMS380 Second Generation Token-Ring | 'equired) 


te(SCK) 
to(SCK 












276+ 4000 4000 


— fut x _ oi—a—~ 
Oo For © ao oreo 


282b 


User's Guide, SPWU005, subsection | |f SIF register is 







3.4.1.1.1) 


i) 


not ready (waiting 4000 


required) 


282W | Delay time, SDDIR low to SDBEN low 0 to(SCK) /2+4 
283W | Delay time, SCS or SWR high to SDBEN no longer low 0 tc(SCK) /2 + 4 


286 | Pulse duration, SWR high between DIO accesses (see Note 19) | toyscK 


T It is the later of SRD.and SWR or SCS low that indicates the start of the cycle. 

+ This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 

§ This specification is provided as an aid to board design. It is not assured during manufacturing testing. 

NOTES: 19. The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt-acknowledge 
cycles. . 

20. In80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO-SRS2, and SCS. When used to do so, SRAS must 

meet parameter 266a, and SBHE, SRSO—SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 


0 4000 








0 te(SCK) /2 + 4 


0 te(SCkK)/2+4 | 
tco(SCK 
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SCS, SRSX, 
SBHE . 


| 
SRAS 7; \ | | 
i 256 -p| 

















| 
sWR | 
: | | ae 273a —_—_—_—_—_—__ >| 
@—_plt 2720 | <—_____ 288 —_____» 
SRD } | | lee N 
<+—— 272a | ! 2108 
le—l- 280 | | 
| | . 
SDDIR Ee t—‘i_s 
282W <— 283W : CMs 
sen a er a | — 7 —o 
et 275 —<—_> 
SRDY — 282b me ie | | 
| | | 
Hi-Z kg-—— 255 a Hi-Z 
sas l ea 263 
SADHO-SADH/7, 
SADLO-SADL7 Hi-Z Data Hi-Z 


SPH, SPL 


t When the TMS380C25 begins to drive SDBEN inactive, ithas already latched the write data internally. Parameter 263 must be met to the input 
of the data buffers. 
+ In 8-bit 80x8x-mode DIO writes, the value placed on SADHO-SADH7 is a don't care. 


Figure 15. 80x8x DIO Write-Cycle Timing 
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80x8x interrupt-acknowledge-cycle timing: first SIACK pulse 






PS Sak mia NSE TS ESN a RN NF Di a a gS a MB ee ah ase acre Ee SS a BM aD eM ec Ee names rec ga EE EE tn ee 
25-MHz 33-MHz : 
OPERATION | OPERATION | ynit 


Pulse duration, SIACK high between DIO accesses (see Note 19) te(SCK | ons | 
Pulse duration, SIACK low on first pulse of two pulses | ; te(SCK te(SCK | ons | 


NOTE 19: The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt acknowledge cycles. 


RD, SWR, 
SCs 7 


¢— 286 —> 
\@- 287 > 





| 
SIACK \ | First 7 K Second / 


Figure 16. 80x8x Interrupt-Acknowledge-Cycle Timing: First SIACK Pulse 










a 15" 





Delay time, SRDY low in the first DIO access to the SIF register 
276+ to SRDY low in the immediately following access to the SIF aun a0 
279T | Delay time, SIACK high to SRDY in the high-impedance state 0 to(SCK 0 © ty(scK 
Delay time, SDBEN low to SRDY low in a read cycle 0 tgscK)/2+4 0 tescK)/2+4 
Generation Token-Ring User’s Guide, SPWU005, subsection 0 te(SCK) +3 0 te(SCK) +3 
3.4.1.1.1), provided previous cycle completed 


283R_ | Delay time, SIACK high to SDBEN high (see Note 19) 0 tg(ScK)/2+4 O tgscK)/2+4 


t This specification is provided as an aid to board design. It is not assured during manufacturing. 
+ This specification has been characterized to meet stated value. It is not assured during manufacturing. 
NOTE 19: The inactive chip select is SIACK in DIO read and DiO write cycles, and SCS is the inactive chip select in interrupt-acknowledge cycles. 








Delay time, SADY low to SCS high | a 
Setup time, output data valid before SADY low a 
0 ea : ce 
Setup time, inactive data strobe high to SIACK no longer high te(SCK | ons | 
Hold time, inactive data strobe high after SIACK high te(SCK | ons | 
75 a 


80x8x interrupt-acknowledge-cycle timing: second SIACK pulse 
Hold time, SAD in the high-impedance state after SIACK low 
+ Delay time, SIACK high to SAD in the high-impedance state | 
(see Note 19) 
Hold time, output data valid after SIACKhigh(seeNote19) | O  — | 
Delay time, SIAGK high to SADY high (see Note 19) oe 


Delay time, SIACK low to SDBEN low (see 7MS380 Second 





282R 
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a ae aa Na eee eR eT Sad a a a SE Ne I Pa a ST eC NEE I LEE NR a TR OP ORO NTE Td De ee ET) 
Ph pede Only SCS needs to be Inactive. . 
SBHE All others are don’t care. | 





SIACK ! | | | 
> 2724 ————— 273a > 
SWR | | | | | 
l 
<>} + 2724 ¢____ 273a 
SRD | | ! | | 
| | | | 
pai ci 272a \¢—____— 273a _______p 
SDDIR High | | 
¢ ——— 2828 —__» ¥ ae => 
| | 283R or i a 
| 











| = | »! | 
| 


SADHO-SADH7, 
SADLO-SADL7 
SPH, SPL# 


T SRDY is an active-low bus ready signal. It must be asserted before data output. 
+ in 8-bit 80x8x mode DIO writes, the value placed on SADHO-SADH7 is a don’t care. 


Figure 17. 80x8x Interrupt-Acknowledge-Cycle Timing: Second SIACK Pulse 
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80x8x-mode bus-arbitration timing, SIF takes control 


25-MHz 33-MHz 
aT aa Wa UNIT 
208a Setup time, asynchronous signal SBBSY and SHLDA before SBCLK no 10 j 10 
longer high to assure recognition on that cycle 
208b Hold time, asynchronous signal SBBSY and SHLDA after SBCLK low to 
assure recognition on that cycle 


Delay time, SBCLK low to SADHO-SADH7, SADLO-SADL7, SPH, aa ro 


SPL valid 


Se ee a 
[2240 [Delay time, SBCLK ow ncycle 20 SDDIRIowin DMAread [| 28| 23] 1s 
a a 
[261 | Detaytine, SBCLKhighin TX yoleto SADandSWRtigh busacquistion| ___25[ 25] _re_| 


tat Hold time, SAD and SWR in the high-impedance state afer SOWN low, | 
241a! | bus acquisition to(SCK)—15 te(SCK)—15 


tT This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
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67-7 


SIF Inputs: 


SBCLK 


SBBSY, 
SHLDA 


SIF Outputs: | 


SHRQ 


SBHE 


SADHO-SADH/, 
SADLO-SADL7, 
SPH, SPL 


SDDIR 


SOWNT 


SIF Master 


User Master 
(T4) 








T While the system interface DMA controls are active (i.e., SOWN is asserted), the SCS input is disabled. 


Figure 1. 80x8x-Mode Bus-Arbitration Timing, SIF Takes Control 
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80x8x-mode DMA read-cycle timing 


Setup time, SADLO-SADL7, SADHO-SADH7, 
SPH, and SPL valid before SBCLK in T3 cycle no 
longer high . 
Hold time, SADLO-SADL7, SADHO—SADH/7, SPH, 


and SPL valid after SBCLK low in T4 cycle if 
parameters 207a and 207b not met 


507 Hold time, SADLO-SADL7, SADHO-—SADH/7, SPH, 
| ‘? | and SPL valid after SRD high 
207b Hold time, SADLO—SADL7, SADHO—SADH7, SPH, 
and SPL valid after SDBEN no longer low 


Setup time, asynchronous signal SRDY before 
SBCLK no longer high to assure recognition on this 
cycle 


208b Hold time, asynchronous signal SRDY after SBCLK 
low to assure recognition on this cycle 


212 Delay time, SBCLK low to address valid 


33-MHz OPERATION 








UNIT 








205 






206 














208a 









25-MHz OPERATION 
{ 
1 
1 
1 


Delay time, SBCLK low in T1 cycle to 


214t | SADHO-—SADH7, SADLO-SADL7, SPH, and SPL in 
the high-impedance state 


216 | Delay time, SBCLK high to SALE or SXAL high 


216a_ | Hold time, SALE or SXAL low after SRD high 





1 
1 
1 
1 
( 


217 
218 
(see Note 21) 


225R'_ | Delay time, SBCLK low in T4 cycle to SDBEN high ea ee 
Delay time, SADHO-SADH7, SADLO-SADL7, pe 
226t 





0 | Oo. | 

0 0 

0 | 0 

0 0 

20 15 

ime, j “20 20 

Delay time, SBCLK high to SXAL low in the TX cycle 0 25 0 25 

or SALE low in the T1 cycle 

Hold time, SADHO—SADH7, SADLO-—SADL7, SPH, t 15 t 2-4 t 15 2-4 
and SPL valid after SALE or SXAL low w(SCKh) c(SCK) w(SCKH) c(SCK) 

Delay time, SBCLK low in T4 cycle to SRD high ‘ ‘i 
i I 16 
SPH, and SPL in the high-impedance state to SRD 

low 

227R_| Delay time, SBOLK Tow in T2 aydle to SAD low 
Hold time, SADHO-SADH7, SADLO-SADL7, SPH, 

and SPL in the high-impedance state after SBCLK | ns . 
low in T1 cycle 

Pulse duration, SRD low 2te(SCK)—25 2te(SCK)—25 Shes 4 


Setup time, SADHO-SADH7, SADLO-SADL7, 
233 SPH, and SPL valid before SALE, SXAL no longer 10 10 
. | high . 


Delay tine SBCLKighinthe T2ojetoSDBENIow| ——S~—Sd| SCY 


DAT Setup time, data valid before SRDY low if parameter 
208a not met 


Tt This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
NOTE 21: While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. 





229t 


Nh 
Nh 
[o) 
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SBCLK 
SRAS 
SBHEt 
SWR 
SRD+t 
mel 
8 
2) SXAL 
(o) 
q 
QO j= 
m 
sae 
io SALE 
py el | 
aly 
9 SADHO-SADH7, 
= he SADLO-SADL7 
y SPH, SPL § 
a7, 
S 
as 
é SRDY 
SDBENt 
SDDIR 


T4 TX T1 T2 V T3 ; T4 T1 


oor eS: CUCCCUCCE 


PROS RY 








| 
Extended “18 | Pe i ere 247 ! l 


Address 


| 
237R —lqe—> le- 208b -»| aed I 225R 
\ / 


Low 








T In 8-bit 80x8x mode, SBHE/SRNW is a don’t care input during DIO and an inactive (high) output during DMA. 
+ Motorola-style bus slaves hold SDTACK active until the bus master deasserts SAS. 


§ In 8-bit 80x8x mode, the most significant byte of the address is maintained on SADH for T2, T3, and T4. The address is maintained according to parameter 21; i.e., held after T4 high. 





‘I If parameter 208A is not met, valid data must be present before SRDY goes low. 


LS-7 


Figure 19. 80x8x-Mode DMA Read-Cycle Timing 
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80x8x-mode DMA write-cycle timing 


Setup time, asynchronous signal SRDY before pow 





208a SBCLK no longer high to assure recognition on that 


10 
cycle 
208b Hold time, asynchronous signal SRDY after SBCLK 10 
low to assure recognition on that cycle 
D12 Delay time, SBCLK low to SADHO-SADH/7, 20 
SADLO-SADL7, SPH, and SPL valid 
0 25 






216a Hold time, SALE or SXAL low after SWR high 


2 Delay time, SBCLK high to SALE or SXAL high 


Delay time, SBCLK high to SXAL low in the TX cycle | 
or SALE low in the T1 cycle 


Hold time, address valid after SALE, SXAL low tw(SCKH)-15  to(SCK)/2-4 | tw(SCKH)—-15  tevsCK) /2 - 4 


| ns 
< 
pons 

Delay time, SBCLK low in T2 cycle to output data and 

pao UT 
| ns 
Ez 
Ei 
[ns 





10 | 
10 
16 ; | i 
217 | 
218 | | 
219 
59, __ | Hold time, SADHO—SADH7, SADLO-SADL7, SPH, |, sa ie: 
and SPL valid after SWR high | c(SCK) te(SCK) i 
225W | Delay time, SBCLK high in T4 cycle to SDBEN high | 16 
ji 0 1 
10 
16 


= 


Fe 
ie) 


Hold time, SDBEN low after SWR, SUDS, and SLDS 
225WH high te(SCK)/2-7 te(SCk) /2 - 7 
7W |Delaytime,SBCLKlowinT2cycletoSWRiow | 0 2 | 

Setup time, SADHO-SADH7, SADLO-SADLZ7, 


1 
1 

SPH, and SPL valid before SALE, SXAL no longer 
1 






N 
(s%) 
(¢>) 





0 
10 
high 


ZarW_| Delay tine, SBCLKTigh ni eye to SOBENw | sr d| SCS 
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XXKAKAXXKXKK 


SXAL 


SALE 


SADLO- 
SADH7, 
SADHO-— 
SADL7 
SPH, SPL# 


SRDY 








pe aS in 


T In 8-bit 80x8x mode, SBHE/SRNW is a don’t care input during DIO and an inactive (high) output during DMA. 
+ In 8-bit 80x8x mode, the most significant byte of the address is maintained on SADH for T2, T3, and T4. The address is maintained en to parameter 21; i.e., held after T4 high. 


Figure 20. 80x8x-Mode DMA Write-Cycle Timing 
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80x8x-mode bus-arbitration timing, SIF returns control 


25-MHz 33-MHz 
OPERATION | OPERATION | ynit 


oot Delay time, SBCLK low in 11 cycle to SADHO-SADH7, SADLO-—SADL7, SPL, SPH, 35 
SRD, and SWR in the high-impedance state ns 


223bT | Delay time, SBCLK low in I1 cycle to SBHE in the high-impedance state | PB | ons | 


och | 
224b | Delay time, SBCLK low in cycle I2 to SOWN high a) a ee 
Delay time, SBCLK low in cycle I2 to SDDIR high i i ao 
Delay time, SBCLK high in cycle 11 to SHRQ low 


o4ot Setup time, SRD, SWR, and SBHE in the high-impedance state before SOWN no longer poo fo ws | 
low 


tT This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 





SIF Master Bus Exchange 


T3 , 14 I1 | 


| : 
SHLDA | | \ 









SIF Outputs: — | 230 —l¢—> | 
220 
SRD, SWR | | | Hi-Z 
| Ke 2404 
223b—p | | 
SBHE | | Hi-Z 








| 
220 —¢—p/ ais 240 


SADHO-SADH/7, l | 
SPH, SPL 


224d—lely i 


Write 
SDDIR 
Read : 
224b 
SOWN+ | 


T in 80x8x mode, the system interface deasserts SHRQ on the rising edge of SBCLK following the T4 state of the last system bus transfer it 
controls. In 68xxx mode, the system interface deasserts SBRQ on the rising edge of SBCLK in state T2 of the first system bus transfer it controls. 
+ While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. i 

















Figure 21. 80x8x-Mode Bus-Arbitration Timing, SIF Returns Control 
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80x8x-mode bus-release timing 


cea Pay 
Ea Ea UNIT 
208b 











208a Setup time, asynchronous input SBRLS low before SBCLK no longer high to assure 
recognition 


| 208b | Hold time, asynchronous input SBRLS low after SBCLK low to assure recognition ae Ee 
Hold time, SBRLS low after SOWN high ae ane eae a 





:  TWor2) | T3 T4 T1 T2 
208a = le-| 
as e—bi— 208b 
SBRLS 
(see Note A) | 


SOWN jj | 
le— 208¢ —>| 


NOTES: A. The system interface ignores the assertion of SBRLS if it does not own the system bus. If it does own the bus, when it detects the 
assertion of SBRLS, it completes any internally started DMA cycle and relinquishes control of the bus. If no DMA transfer has 
internally started, the system interface releases the bus before starting another. 

B. If SBERR is asserted when the system interface controls the system bus, the current bus transfer is completed regardless of the 
value of SRDY. If the BERETRY register is nonzero, the cycle is retried. If the BERETRY register is zero, the system interface 
releases control of the system bus. The system interface ignores the assertion of SBERR if it is not performing a DMA bus cycle 
onthe system bus. When SBERR is properly asserted and BERET RY is zero, the system interface releases the bus upon completion 
of the current bus transfer and halts all further DMA on the system side. The error is synchronized to the local bus and DMA stops 
on the local sides. The value of the SDMAADR, SDMADDRX, and SDMALEN registers in the system interface are not defined after 
a system-bus error. 

C. Incycle-steal mode, state TX is present on every system bus transfer. In burst mode, state TX is present on the we bus transfer. 
and whenever the increment of the DMA address register carries beyond the least significant 16 bits. 

D. SDTACK is not sampled to verify that it is deasserted. 

E. Unless otherwise specified, for all signals specified as a maximum delay from the end of an SBCLK transition to the signal valid, 
the signal is also specified to hold its previous value (including high impedance) until the start of that SBCLK transition. 











Figure 22. 80x8x-Mode Bus-Release Timing 
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68xxx DIO read-cycle timing | 


Delay time, SDTACK low to either SCS, SUDS, or SLDS high 





25-MHz OPERATION 33-MHz OPERATION UNIT 








255 





15 


osgt Hold time, SAD in the high-impedance state after SUDS or SLDS 
low (see.Note 19) 
Setup time, SADHO—SADH7, SADLO-—SADL7, SPH, and SPL 
valid before SDTACK low . 
Delay time, SCS, SUDS, or SLDS high to SADHO-SADH/, 
SADLO-SADL7, SPH, and SPL in the high-impedance state 


261T 





(see Note 19) 
Hold time, output data valid after SUDS or SLDS no longer low 
(see Note 19) 


Setup time, register address before SUDS or SLDS no longer 
high (see Note 19) 


Hold time, register address valid after SUDS or SLDS no longer 
low (see Note 20) 
97 Setup time, SRNW before SUDS or SLDS no longer high 10 
(see Note 19) 


Hold time, SRNW after SUDS or SLDS high Sale | ons | 
| 273a__| Hold time, SIACK high after SUDS or SLDS high to(SCK to(SCK Paes a 


975 Delay time, SCS, SUDS, or SLDS high to SDTACK high 0 25 
| (see Note 19) | 


Delay time, SDTACK low in the first DIO access to the SIF register 4000 4000 pons 


261a 


67 


15 

<= 

= c= 
2 2 


1 


at 
ao 








-o7et 





to SDTACK low in the immediately following access to the SIF 


Delay time, SUDS or SLDS high to SDTACK in the 
high-impedance state , 'c(SCK) . 'c(SCK) pons 


Delay time, SDBEN lowto SDTACK low 0 tyscKy/2+4| 0 — tyscK)/2+4] ns | 





Delay time, SUDS or SLDS low to SDBEN low (see 7MS380 
Second Generation Token-Ring User’s Guide, SPWU005, 


0 te(SCK) + 3 0 te(SCK)+ 3 
subsection 3.4.1.1.1) provided the previous cycle completed 


283R_ | Delay time, SUDS or SLDS high to SDBEN high (see Note 19) 0 tyscK/2+4| 0  tygcK/2+4] ns | 


286 Pulse duration, SUDS or SLDS high between DIO accesses ' 
(see Note 19) tc(SCK) c(SCK) 


T This specification is provided as an aid to board design. It is not assured during manufacturing testing. 
+ This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
NOTES: 19. The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt acknowledge 
cycles. 
20. In80x8x mode, SRAS may be used to strobe the values of SBHE, SRSX, SRSO-—SRS2, and SCS. When used to do so, SRAS must 
meet parameter 266a, and SBHE, SRSO-SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 








282R 
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RS A ETT ESN ES ST ET EE I TENE BBE 
SCS, SRSX, 
SRSO, SRS1 


¢— pL 267 ¢-p— 268 
SIACK | | ! 
| | 
| | ¢——_—__—_- 273a —___—_» 
SRNW ]; | | ! N 
em ere ! l<—- 275 
| 
SUDS, | 
SLDS | ! 
| | ————— 286 
SDDIR High | ! 
}¢— 279 —> 
+—— 282R ———>| l 


28aR <> | 


| 

| 
SDBEN | \ \ | ] | 
! | 
| 


—-----} 276 | > 275—¢—p | 


282a | 
Hi-Z : }e— 255 <a Hi-Z 
| 261 


| —P+- 
k¢—Pi— 259 pI 260 


l e+ 261a 
SADHO-SADH/, | 
SADLO-SADL/7, Hi-Z CCC Output Data Valid Hi-Z 
SPH, SPL 


Tt SDTACK is an active-low bus ready signal. It must be asserted before data output. 


Figure 23. 68xxx DIO Read-Cycle Timing 
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68xxx DIO write-cycle timing | 7 


3- 

Delay time, SDTACK low to either SCS, SUDS or SLDS high | 1 
1 

1 

a 

1 








SDTACK ither SCS, SLDS 15 

Setup time, write data valid before SUDS or SLDS no longer low 15 
Hold time, write data valid after SUDS or SLDS high 15 
15 


o67t Setup time, register address before SUDS or SLDS no longer 
high (see Note 19) 


Hold time, register address valid after SUDS or SLDS no longer 
low (see Note 20 


Setup time, SRNW before SUDS or SLDS no longer high 
(see Note 19 


1 
Setup time, inactive SUDS or SLDS high to active data strobe no 
longer high te(SCK) 
( 


: 


te(SCK) 


Hold time, SRNW after SUDS or SLDS high 


) 
| 
Hold time, inactive SUDS or SLDS high after active data strobe 
high te(SCK) te(SCK 
Delay time, SCS, SUDS or SLDS high to SDTACK high 
(see Note 19) 








272 
272 
273 
273 
27 








Delay time, SDTACK low in the first DIO access to the SIF register 4000 4000 
to SDTACK low in the immediately following access to the SIF 


nm 
“I 
> 
4 


Delay time, SUDS or SLDS high to SDTACK in the 
high-impedance state 


Delay time, SUDS or SLDS low to SDDIR low (see Note 19) 


If SIF register is 


Delay time, SDBEN low to SDTACK low | ready (no waiting 
(see TMS380 Second Generation Token- | fequired) 


i) 
~ 
ve) 
777) 


a 
a 
5 

0 tc(SCK) 'c(SCK) 
QO 0 to(SCK)/2 + 4 to(SCK)/2 + 4 


0 
28 
0 
0 






to(SCK)/2 +4 


0 
0 te(SCkK)/2 +4 
Ring User's Guide, SPWU005, subsection | If SIF register is 
3.4.1.1.1) not ready (waiting 0 


0 4000 4000 
required) 


282W | Delay time, SDDIR low to SDBEN low to(SCK)/2 +4 to(SCk)/2+4] ns | 
283W | Delay time, SUDS or SLDS high to SDBEN no longer low 0 te(SCK)/2 + 4 0 to(SCkK)/2 + 4 | ons 


286 Pulse duration, SUDS or SLDS high between DIO accesses | | 
(see Note 19) 'c(SCK) to(SCK) 


T It is the later of SRD and SWR or SCS low that indicates the start of the cycle. 

+ This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 

§ This specification is provided as an aid to board design. It is not assured during manufacturing testing. 

NOTES: 19. The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt-acknowledge 
cycles. 

20. In80x8x mode, SRAS may be used to strobe the values of SBHE, SRSX, SRSO-—SRS2, and SCS. When used to do so, SRAS must 

meet parameter 266a, and SBHE, SRSO-SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 


5 
5 
| 
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SNS AE I SRE ME TT TEI IIT II I BSI ERED IEE LENSES SIE ACE ED ATES MELE ATLL ELIE DEITCH 
SCS SRSX, 
SRSO, SRS1 | 

















267 le—-pi— 268 
SIACK | | | 
ne, (ene! 
oeeee 273 4s es 
| 
SRNW K | | / \ 
pes tea! | 
SUDS, 
SLDSt 
| 
| 
SDDIR High | | : 
| 
2716s} » 
| or51 le | 
| \¢— 256 sa 
SDTACKS Hi-Z | Hi-Z 
| | 
k¢——pi— 263 
282b —q—p 262 —i<¢-p} | 





SADHO-SADH7, 
SADLO-SADLY, Hi-Z . (Data) Ey eT 
SPH, SPL | | | 


t For 68xxx mode, skew between SLDS and SUDS must not exceed 10 ns. Provided this limitation is observed, all events referenced to a data 
strobe edge use the later occurring edge. Events defined by two data strobes edges, such as parameter 286, are measured between latest and 
earlier edges. 

+ When the TMS380C25 begins to drive SDBEN inactive, it has already latched the write data internally. Parameter 263 must be met to the input 
of the data buffers. 

§ SDTACK is an active-low bus ready signal. It must be asserted before data output. 


Figure 24. 68xxx DIO Write-Cycle Timing 
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68xxx interrupt-acknowledge-cycle timing 


| 255 Delay time, SDTACK low to either SCS or SUDS, or SIACK high are ee eee, 


osgt Hold time, SAD in the high-impedance state after SIACK no 
longer high (see Note 19) 


| 260 Setup time, output data valid before SDTACK no longer high ie er, Sr ee: 


261+ Delay time, STACK high to SAD in the high-impedance state 
(see Note 19) 
61a Hold time, output data valid after SCS or SIACK no longer low 
(see Note 19) 
Setup time, register address before SIACK no longer high 
2678 (see Note 19) | 2 r 
Setup time, inactive high SIACK to active data strobe no longer 
272a | hich : 9° | te(SCK) tc(SCK) ba 


Hold time, inactive SRNW high after active data strobe high te(SCK to(SCK 
| 275 | Delay time, SCS or SRNW high to SDTACK high (see Note 19) ane" Ee 
Delay time, : SDTACK low in the first DIO access to the SIF register 
276+ to SDTACK low in the immediately following access to the SIF a0u8 ao cy 
279t | Delay time, SIACK high to SDTACK in the high-impedance state te(SCK to(SCK) | ns | 
| 282a | Delay time, SDBEN low to SDTACK low in a read cycle te(SCK)/2 + 4 to(SCK)/2 + 4 | ons | 


Delay time, SIACK low to SDBEN low (see 7MS380 Second 
Generation Token-Ring User’s Guide, SPWU005, subsection 0 te(SCK) + 3 0 te(SCK) +3 
3.4.1.1.1) provided the previous cycle completed 
| 283R_| Delay time, SIACK high to SDBEN high (see Note 19) __ 0 tyscK)/2+4 0 tascKy/2+4] ns | 
| 286 | Pulse duration, SIACK high between DIO accesses (see Note 19) | toysck to(SCK LAs. | 
T This specification is provided as an aid to board design. It is not assured during manufacturing testing. 
+ This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 


§ It is the later of SRD and SRD or SCS low that indicates the start of the cycle. 
NOTE 19: Theinactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt-acknowledge cycles. 
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SADHO-—SADH/7, 
SADLO-SADL7 
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/ | Only SCS needs to be Inactive. K . 
| All others are don’t care. 





k¢—_p——_ 267 
| : | 
K¢——pit— 2720 Rai ci > 
_ 
| a 273a 
| q—__—__—_—. 286 —_—____—__p| 
LL 
High | >| 
\¢——— 282k ———>| << se 
| | scat a ee 
| 
| | | | 
i pin i ili i 276 ole tae 275 —|\¢—> | 
| lq—b}- 282a | | | 
| 
259 —¢—_ >| 260 ——> ee ! ain 
Kt—p!-—  261a 








ee EL 


t SDTACK is an active-low bus ready signal. It must be asserted before data output. 
t Internal logic drives SDTACK high and verifies that it has reached a valid high level before making it a 3-state signal. 





Figure 25. 68xxx Interrupt-Acknowledge-Cycle Timing 
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68xxx-mode bus-arbitration timing, SIF takes control . 


25-MHz 33-MHz 
OPERATION OPERATION UNIT 
Setup time, asynchronous input SBGR before SBCLK no longer high to : 
208a | i : 10 10 
assure recognition on this cycle 
208b Hold time, asynchronous input SBGR after SBCLK low to assure 10 10 
recognition on this cycle 
[212 _ | Delay ime, SBOLK iow to address valid De 
| 224a | Delay time, SBCLK low in cycle 12 to SOWN low (see Note 22) a ee ee 
Delay time, SBCLK low in cycle I2 to SDDIR low in DMA read i i) 
Delay time, SBCLK high to either SHRQ low or SBRQ high i 
















Delay time, SBCLK high in TX cycle to SUDS and SLDS high P88 


25 
Hold time, SUDS, SLDS, SRNW, and SAS in the high-impedance state ' ' 
after SOWN low, bus acquisition _ | *c(SCK)—15 c(SCK)-15 


T This specification has been characterized to meet stated value. it is not assured during manufacturing testing. 
NOTE 22: Motorola-style bus slaves hold SDTACK active until the bus master deasserts SAS. 









241at 
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I 


SVXAL gi 


SLNAWNULSN 


Eryi-lSZZZ SVX3L ‘NOLSNOH efrr! XO 30IS4O LSOd 


€9-V7 


User Master SIF Master 


SIF Inputs: (14) : "1 ' 12 TX T1 T2 


t | | : | t t | 


! | 7 +—>- 208b | | | | 


Bus Exchange 


-—w-— ewe me 


SBERR, 
SDTACK, 
SBBSY 


| 

, | | 

SIF Outputs: <¢—_+>+—_ 230 : 
| 

| 


| | 230 —¢—> 


SBRat | 






SAS, SLDS, 
SUDS 


| 
| 
| | | | Read 
ed hae: ae, 
Write 


| 

| | | 
SADHO— | 212 <> 

| 


Output 














SADL7, \ 
SPH, SPL aaa ett 224¢ 
Write 
SDDIR | 
| Read 





l¢——pl 224a | 


T In 80x8x mode, the system interface deasserts SHRQ on the rising edge of SBCLK following the T4 state of the last system bus transfer it controls. In 68xxx mode, the system interface 
deasserts SBRQ on the rising edge of SBCLK in state T2 of the first system bus transfer it controls. 
+ While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. 








Figure 26. 68xxx-Mode Bus-Arbitration Timing, SIF Takes Control 
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68xxx-mode DMA read-cycle timing 


Setup time, input data valid before SBCLK in T3 10 | . 
cycle no longer high . . 
206 Hold time, input data valid after SBCLK low in T4 40 
cycle if parameters 207a and 207b not met 
0 








33-MHz OPERATION 






ji Hold time, input data valid after data strobe no longer 
207a 
ow 
207b Hold time, input data valid after SDBEN no longer 
low 3 | 
| 
208b Hold time, asynchronous input SDTACK after , 
SBCLK low to assure recognition on this cycle 
| 200 | Pulse duration, SAS, SUDS, and SLDS high 'o(SCK)+ te(SCK)+ 
tw(SCKL)— 18 tw(SCKL)~ 18 
P Delay time, SBCLK high in T2 cycle to SUDS and | | 
SLDS active ; 


10 
Delay time, SBCLK low to address valid 





Setup time, asynchronous input SDTACK before 
SBCLK no longer high to assure recognition on this 









10 
10 
10 
10 


—_ 





orat Delay time, SBCLK low in T2 cycle to SAD in the 
high-impedance state . 


Delay time, SBCLK high to SALE or SXAL high 


N 
Oo 


—_ —_ 
oO 


—_ 
oi 


Ss 
as 


Delay time, SBCLK high to SAS low 


293R Delay time, SBCLK low in T4 cycle to SUDS, SLDS 0 
and SAS high (see Note 23) 

soot Hold time, SAD in the high-impedance state after 
SBCLK low in T4 cycle 


—_ 


[er [ea 
Hold time, address valid after SALE, SXAL low tw/SCKH)-15  tovscKy/2-4 | twiSCKH)-15  tetScK)/2-4 


S 
225R |Delaytime,SBCLKlowinT4cycletoSDBENhigh {| = | 16 | 
233 Setup time, address valid before SALE or SXAL no 4 10 
longer high 
Setup time, address valid before SAS no longer high | tw(SCKL)—15 tw(SCKL)—15 
o37R Delay time, SBCLK high in the T2 cycle to SDBEN 
low 
DA7 Setup time, data valid before SDTACK low if 
parameter 208a not met 
T This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
NOTE 23: While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. 









0 
16 
20 
Hold time, SALE or SXAL low after SUDS and SA 
216a A 
high 
Delay time, SBCLK high to: SXAL low in the TX cycle | 0 95 
or SALE low in the T1 cycle . 
| 0 16 
16 
0 
16 


— 


Cc 
= 
=~] 


S 
no 
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I 


SINANNULSN 
ov dp 





SRNW 


SXAL 


SALE 


SADLO-SADH7, 
SADHO—SADL7, 


SPH, SPL ¢— 2474 —»| —p| i 207b 
SDTACK §1 —s : 208a | ! 
| 
| 208m —¢——> | | 
SDDIR | | | 
237R —\+—> l¢—t»!— 225R 
SDBENT Oy ey Se ee ee ee eee te | | oo 





So-7 


t Ona read cycle, the read strobe remains active until the internal sample of incoming data is completed. Input data may be removed when either the read strobe or SDBEN becomes 
no longer active. 

+ If parameter 208a is not met, valid data must be present before SDTACK goes low. 

§ Motorola-style bus slaves hold SDTACK active until the bus master deasserts SAS. 

1 All Vss pins should be routed to minimize inductance to system ground. 


Figure 27. 68xxx-Mode DMA Read-Cycle Timing 
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68xxx-mode DMA write-cycle timing | : 


cS [win Max [MINA 
| Setup time, asynchronous input SDTACK before 
208a SBCLK no longer high to assure recognition on this 10 10 
cycle 
208b Hold time, asynchronous input SDTACK after SBCLK 40 | 10 
low to assure recognition on this cycle . | 
209 


Pulse duration, SAS, SUDS, and SLDS high 'e(SCK)* te(SCK)+ 














| tw(SCKL)—18 tw(SCKL)-18 








2 Delay time, SBCLK high in T2 cycle to SUDS and | 25 25 
SLDS active 
Delay time, output data valid to SUDS and SLDS no 
2a | longer high 'w(SCKL)~ 15 | tw(SCKL)—15 
: , 
2 Delay time, SBCLK high to SALE or SXAL high 





Hold time, address valid after SALE, SXAL low tw(SCKH)-15  te(scK)/2-4 | tw(SCKH)—-15 — tevScK)/2 - 4 





Delay time, SBCLK high to SXAL low in the TX cycle 
or SALE low in the T1 cycle 
Delay time, SBCLK low in T2 cycle to output data and 
29 29 
parity valid 





2 
2 
2 
2 


2 


Hold time, output data, parity valid after SUDS and 
SLDS high . il te(SCK)- 12 ; te(SCK)-12 


NO 

ND 

@ 
. 


225W _| Delay time, SBCLK high in T4 cycle to SDBEN high 4 
225WH | Hold time, SDBEN low after SUDS and SLDS high | tegcK)/2-7 to(SCK)/2-7 ns 










Delay time, SBOLK low to address vali fee Oe  (e 
Hold time, SALE or SXAL low after SUDS and SAS | ) 
216a : 
high 
a 


11 
12 
16 
ies 
18 ; 
19 
21 
22 . 
Delay time, SBCLK low to SUDS, SLDS, and SAS 
0 16 0 11 
high 
Setup time, address valid before SALE or SXAL no 


233a Setup time, address valid before SAS no longer high 


Delay time, SBCLK high in T1 cycle to SDBEN low 


Sane 


tw(SCKL)—15 _tw(SCKL)-15 
ee 
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SBCLK \ | | | | | 





| | 
| | | | | | | 
SXAL / | | N | | ! | = i * | | ! | : 


SALE 





SVXdL oe 


SLNANNYLISN 





SADLO—SADH/, — Lal 
SADHO-—SADL/7, Output Data 
SPL, SPH : 


Extended Address 


€ppl-lS2ZZ SVX3L‘NOLSNOH e€rr7l XO 30ISSO LSOd 


SDTACK tt 





SDDIR 237W : Dy | 325WH 


SDBEN 


T All Vss pins should be routed to minimize inductance to system ground. 
t Ona read cycle, the read strobe remains active until the internal sample of incoming data is completed. Input data can be removed when either the read strobe or SDBEN becomes 
no longer active. 


Figure 28. 68xxx-Mode DMA Write-Cycle Timing 
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68xxx-mode bus-arbitration timing, SIF returns control 


25-MHz 25-MHz 
Ses es UNIT 


Delay time, SBCLK low in I1 cycle to SAD, SPL, SPH, SUDS, and SLDS in es 
220t p88 
dah rector state, bus release 


boll ee eee ME ES 
[ee ossyine oenon e500 
250 —| Dea ne S8GLK gh tf SHAG ow or SRGTIgh 20 | 


oaot Setup from, SUDS, SLDS, SRNW, and SAS control signals in the high-impedance state 
before SOWN no longer low | 


Tt This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
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SVXdI oe 


SLINAWNULSN 


SIF Inputs: 


SBCLK 


SDTACK 
SIF Outputs: 


SBRQt 


SAS, SUDS, 
SLD 


” 


SRNW 


SADHO-SADH/, 
SADLO-—SADL7, 
SPH, SPL 


SDDIR 


SOWN 


tT In 80x8x mode, the system interface deasserts SHRQ on the rising edge of SBCLK following the T4 state of the last system bus transfer it controls. In 68xxx mode, the system interface 
deasserts SBRQ on the rising edge of SBCLK in state T2 of the first system bus transfer it controls. 





SIF Master 


Read 





Write 





Bus Exchange 





Hi-Z 


| | | 
| SIF }—____+—__+— Hi-Z 


Write 





Read 





| 
224d ae id 


224b —kg—_—_| -p| 


User 








a 


Figure 29. 68xxx-Mode Bus-Arbitration Timing, SIF Returns Control 
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68xxx-mode bus-release and error timing 






25-MHz 33-MHz 
San we coos UNIT 
Setup time, asynchronous input before SBCLK no longer high to assure recognition ee 


| 208b | Hold time, asynchronous input SBRLS, SOWN, or SBERR after SBCLK low to assure 
recognition 


Hold time, SBRLS low after SOWN high ht 
| 236 | Setup time, SBERR low before SDTACK no longer high if parameter 208a not met __ a ee 





T3 


| 
(see Note A) | | 


SOWN | l¢——t- 208b 


SBERR | 
(see Note B) 


}¢——— 236 ——> 


SDTACK | \ / 


NOTES: A. The system interface ignores the assertion of SBRLS if it does not own the system bus. If it does own the bus, when it detects the 
assertion of SBRLS, it completes any internally started DMA cycle and relinquishes control of the bus. If no DMA transfer has 
internally started, the system interface releases the bus before starting another. 

B. If SBERR is asserted when the system interface controls the system bus, the current bus transfer is completed regardless of the 
value of SDTACK. If the BERETRY register is nonzero, the cycle is retried. If the BERETRY register is zero, the system interface 
releases control of the system bus. The system interface ignores the assertion of SBERR if it is not performing a DMA bus cycle 
onthe system bus. When SBERR is properly asserted and BERETRY is zero, the system interface releases the bus upon completion 
of the current bus transfer and halts all further DMA on the system side. The error is synchronized to the local bus, and DMA stops 
on the local sides. The value of the SDMAADR, SOMADDRxX, and SDMALEN registers in the system interface are not defined after 
a system-bus error. 

C. Incycle-steal mode, state TX is present on every system bus transfer. In burst mode, state TX is present on the first bus transfer 
and whenever the increment of the DMA address register carries beyond the least significant 16 bits. 

D. SDTACK is not sampled to verify that it is deasserted. 

E. Unless otherwise specified, for all signals specified as a maximum delay from the end of an SBCLK transition to the signal valid, 
the signal is also specified to hold its previous value (including high impedance) until the start of that SBCLK transition. 








Figure 30. 68xxx-Mode Bus-Release and Error Timing 
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ny (XX XXX XX KN 
SDTACK EY \ 








Figure 31. 68xxx-Mode Bus Halt and Retry, Normal Completion With Delayed StartT 


tT Only the relative placement of the edges to SBCLK falling edge is shown. Actual signal edge placement can vary from waveforms shown. 












































SDTACK RKC KKK 
































ores \ ne RKKKXKXKKKKKX 
SOWN / , \ 


Figure 32. 68xxx-Mode Bus Halt and Retry, Rerun Cycle With Delayed StartT 


T Only the relative placement of the edges to SBCLK falling edge is shown. Actual signal edge placement can vary from waveforms shown. 
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@ Single-Chip Token-Ring Solution ® 80x8x or 68xxx-Type Bus and Memory 

© IBM Token-Ring Network™ Compatible Organization 

® Compatible With ISO/IEC IEEE Std. ® Dual-Port DMA and Direct I/O Transfers to 
802.5:1992 Token-Ring Access-Method and Host Bus 
Physical-Layer Specifications | © Supports 8- or 16-Bit Pseudo-DMA 

® Compatible With TIS8OFPA FNL Operation 
PacketBlaster™ ® 176-Pin Thin Quad Flat Package 

® Glueless Memory Interface (PGF Suffix) 

® Digital Phase-Locked Loop ® 0.8-1m CMOS Technology 


— Precise Control of Bandwidths 


— Improved Jitter Tolerance @ ESD Protection Exceeds 2000 V 


— Minimizes Accumulated Phase Slope ® Operating Temperature Range 
® Phantom Drive for Physical Insertion Onto 0°C to 70°C 

Ring ® Token-Ring Features 
® Differential Line Receiver With — 16- or 4-Mbps Data Rates 

Level-Dependent Frequency Equalization = fours oe fe 18-KByte Frame Size 
® Low-Impedance Differential Line Driver to Hetene 

: — Supports Universal and Local 

Ease Transmit-Filter Design Addressing 
© On-Chip Watchdog Timer ~ Early Token-Release Option 
® Internal Crystal Oscillator for (16 Mbps Only) 

Reference-Clock Generation — Built-In Real-Time Error Detection 

— Automatic Frame-Buffer Management 

e dable LAN-Subsys Memor to 

: Mbytes o een ey SP — 2- to 33-MHz System-Bus Clock 


— Slow-Clock Low-Power Mode 
@ 32-Bit Host Address Bus 





LAN Subsystem 









Transmit 





To 
Network 





)  TI380C30 


Receive 


Figure 1. Network-Commprocessor Applications Diagram 


IBM and Token-Ring Network are trademarks of International Business Machines Corp. 
PacketBlaster is a trademark of Texas Instruments Incorporated. 
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pin assignments 




















































PGF PACKAGE 
(TOP VIEW) 
= 
zlt2e5a. +4 a Ze fe. Ee. SS 
WO a AO 4/0 oc op 2e@v O0lg Quel a t+; IK, +eKdana FT AD 
Swo0O0 |< > 5/5 of SSX aa oaleie 641 62 GL agit G5 G5 Gun @ Qa 
ge BER BEe een REG BAe SESE Bs 4 Bs 85 BESE BO BO Bu Bo BA 
FERESESESSSSSSSSSSSSSESSASHESILILIIII EL S8SS BIS 
MREF Jt © 132 f] XT2 
MAL [}2 1311 Vsso 
MACS []3 130) XT1 
MROMEN {] 4 1291] VpDA2 
OSC32 [}'5 128] ATEST 
OSCIN [}6 12710 Vssa2 
TCLK (7 126] IREF 
TMS {78 1251) VSsa3 
TRST ff9 1241] REDY 
Vssc [ 12317 VDDA3 
Vss | FRAQ 
SYNCIN [{] 1] NSRT 
VpooL  VSsi 
Vop [ 1 Vop 
MDDIR { || XMATCH 
MAXO [fF 1 XFAIL 
MAX2 [ 1 TESTO 
MCAS [ 1} TEST1 
MW  TEST2 
MRAS [] 20 1] TESTS 
Vssc {21 ] TEST4 
Vss_ Yj 22 1 TESTS 
MOE [] 23 1 SADHO 
MBEN [] 24 | SADH1 
MADH7 {f 25 1 SADH2 
MADHE6 [] 26 || SADH3 
MADH5 [} 27 1 SADH4 
MADH4 {] 28 1] SADH5 
Vop 4 29 1 Vss 
Vgs 30 1 Vop 
MADH3 [} 31 1 Vssc 
MADR2 [] 32 1} SADH6 
MADH1 [] 33  SADH7 
MADHO [] 34 1) SPH 
MAXPH [} 35 | SRD/SUDS 
MBRQ [} 36 1] SRDY/SDTACK 
MBGR [] 37 | SOWN 
Vss 438 ) SDBEN 
MAXPL [} 39 941] SBHE/SRNW 
MADL7 [] 40 93] SHRQ/SBRQ 
MADLE [} 41 927] SPL 
MADLS5 [} 42 91] SADLO 
MADL4 {f 43 90] SADL1 
MADL3 {] 44 89 f] SADL2 
SSSe8B85ERS8aES KFXRRSERERRRB 
SRSA SACEEEES GoSESh oS aBRORE Sees ake 2s 2adgadaa 88 
=P O8 2 QZ |2/ZI- L Or Ei SS cla initin Onloim ala>-sZeQ2SL22Q>L 
= 2 2!Ix|x |x |< O74 ec FOle D|N!0 lop Te OOs DHDHHHG 
G4 |i |i |i wam In Pw =< = a 
Zz OG 29 Gls 
o GT 
7) 7) 
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description 


The TI380C30 is a single-chip token-ring solution, combining both the commprocessor and the physical-layer 
interface onto a single device. The TI380C30 supports both 16 and 4 Mbps of operation, conforms to ISO 
8802-5/IEEE 802.5—1992 standards, and has been verified to be completely IBM Token-Ring Network 
compatible. 


The TI380C30 provides a high degree of integration as it combines the functions of the TI880C25 and the 
TI380C60 onto a single chip. With this chip, only local memory and minimal additional components such as 
PAL® devices and crystal oscillators need to be added to complete the LAN-subsystem design. 


The TI380C30 provides a 32-bit system-memory address reach with a high-speed bus-master DMA interface 
that supports rapid communications with the host system. In addition, the TI880C30 supports direct I/O and a 
low-cost 8- or 16-bit pseudo-DMA interface that requires only a chip select to work directly on an 80x8x 8-bit 
slave I/O interface. Selectable 80x8x or 68xxx-type host-system bus and memory organization add to design 
flexibility. 


The TI880C30 supports addressing for up to 2 Mbytes of local memory. This expanded memory capacity can 
improve LAN-subsystem performance by minimizing the frequency of host LAN-subsystem communications 
by allowing larger blocks of information to be transferred at one time. The support of large local memory is 
important in applications that require large data transfers (Such as graphics or data-base transfers) and in 
heavily loaded networks where the extra memory can provide data buffers to store data until it can be processed 
by the host. 


The proprietary CPU used in the TI380C30 allows protocol software to be downloaded into RAM or stored in 
ROM in the local-memory space. By moving protocols [such as logical link control (LLC)] to the LAN-subsystem, 
overall system performance is increased. This is accomplished by offloading processing from.the host-system 
to the TI380C30, which can also reduce LAN-subsystem-to-host communications. As other protocol software 
is developed, greater differentiation of end products with enhanced system performance is possible. 


The TI380C30 includes hardware counters that provide real-time error detection and automatic frame-buffer 
management. These counters control system-bus retries and burst size, and track host- and 
LAN-subsystem-buffer status. Previously, these counters needed to be maintained in software. By integrating 
them into hardware, software overhead is removed and LAN-subsystem performance is improved. 


’ The T!380C30 implements a Tl-patented enhanced-address-copy-option (EACO) interface. This interface 
supports external address-checking devices, such as the TMS380SRA source-routing accelerator. The 
TI380C30 has a 128-word external I/O space in its memory to Support external address-checker devices and 
other hardware extensions to the TMS380 architecture. 


At the physical-layer interface, the Manchester-encoded data stream is received and phase aligned using an. 
on-chip dual-digital phase-locked loop (PLL). Both the recovered clock and data are passed on to the 
protocol-handling circuits on the TI380C30 for serial-to-parallel conversion and data processing. On transmit, 
the TI3880C30 buffers the output from the protocol-handling circuit and drives the media via suitable isolation 
and waveform-shaping components. 


The TI3880C30 uses CMOS technology to reduce power consumption to PCMCIA-compatible levels. 
Power-management features are incorporated to support Green PC compatibility. 


In addition to the PLL, all other functions required to interface to an IEEE-802.5 token ring are provided. These 
functions include the phantom drive to control the relays within a trunk-coupling unit and wire-fault detection 
circuits; an internal-wrap function for self-test; and a watchdog timer to provide fail-safe deinsertion from the 
ring in the event of a station, microcode or commprocessor failure. 


The major blocks of the TI380C30 include the communications processor (CP), the system interface (SIF), the 
memory interface (MIF), the protocol handler (PH), the clock generator (CG), the adapter-support function 
(ASF), and the physical-layer interface (PHY), as shown in the functional block diagram. 


PAL® is a registered trademark of Advanced Micro Devices Inc. Other companies also manufacture programmable array logic devices. 
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functional block diagram 


SADHO 


SADH7 
SADLO 


SADL7 
SPH 


SPL. 


SBRLS 
SINTR/SIRQ 





___ SBCLK 
SRD/SUDS 
SWR/SLDS 

SRDY/SDTACK 

SIM 
SHLDA/SBGR 
SBHE/ SRNW 
SRAS/SAS 











NSELOUTO 
NSELOUT1 


RCLKT 
REDYT 
WELTT 
RCVAT 
PXTALT 
OCS32 
TCLK 
TMS 
TRST 
ATEST 
XT1 

XT2 
PHOUTA 
PHOUTB 
EQ- 
EQ+ 


System Memory 





Interface interface 
(SIF) (MIF) 

e DIO Control DRAM Refresh 

e Bus Control Local-Bus 

e DMA Control Arbitrator 
Local-Bus 
Control 
Local 
Parity-Check/ 
Generator 


Generator 
- (CG) 





Adapter- 

Support 

Function 
(ASF) 


e Interrupts 
e Test Function 





Communications 
Processor eb 


Token-Ring Protocol Handler (PH) |_| 


Eg 


Physical-Layer-Interface 


a 
A 
i Test Port 
i 







Physical-Layer 
interface 


i 

i 

i 

a 
7 

: @ = Analog Signal 
i 

i 


i | i 


tT Signals are provided for test monitoring purposes. 
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Pin Functions 


a oe VOoret DESCRIPTION 


ATEST 128 | EC Analog test. Should be left unconnected. 


Bootstrap. The value on BTSTRP is loaded into the BOOT bit of the SIFACL register at reset (i.e., when 
BTSTRP 60 


SRESET is asserted or the ARESET bit in the SIFACL register is set) to form a default value. BTSTRP 
CLKDIV 56 i 



















indicates whether chapters 0 and 31 of the memory map are RAM or ROM. If these chapters are RAM, 
the TI380C30 is denied access to the local-memory bus until the CPHALT bit in the SIFACL register 
is cleared. 





H 
L 


Clock divider select (see Note 2) 


Chapters 0 and 31 of local memory are RAM-based (see Note 1). 
Chapters 0 and 31 of local memory are ROM-based. 








H 64-MHz OSCIN for 4-MHz local bus 


32-MHz OSCIN for 4-MHz local bus or 48-MHz OSCIN for 6-MHz local bus 











DRVR+ 169 

DRVR- 168 he J Differential-driver data outputs (reserved) 

EQ+ 152 ye ; : ee ee er 
EQ- 151 Equalization/gain points. Connections to allow frequency tuning of equalization circuit. 


EXTINTO 
EXTINT1 53 
EXTINT2 = 
EXTINT3 











1/0 Reserved; must be pulled high (see Note 3) 










Frequency-acquisition control. FRAQ is driven by the TI380C30 PH. 
H Clock recovery PLL is initialized. 
L Normal operation 


aa Internal reference. IREF allows the internal bias current of analog circuitry to be adjusted via an external 









resistor. 


Reserved; must be tied low (see Note 4) 


Local-memory address, data, and status bus — high byte. For the first quarter of the local-memory 
cycle, these bus lines carry address bits AX4 and AO to A6; for the second quarter, they carry status 
bits; and for the third and fourth quarters, they carry data bits 0 to 7. The most significant bit is MADHO 
and the least significant bit is MADH7. 





















Memory Cycle 
1Q 2Q 3Q 
AX4,A0-A6 ___ Status DO-—D7 


4Q 
DO-D7 






ADVANCE INFORMATION 


Signal 





Local-memory address, data, and status bus — low byte. For the first quarter of the local-memory 
cycle, these bus lines carry address bits A7 to A14; for the second quarter, they carry address bits AX4 
and AO to A6; and for the third and fourth quarters, they carry data bits 8 to 15. The most significant 
bit is MADLO and the least significant bit is MADL7. 


Memory Cycle 
1Q 2Q 3Q 4Q 
Signal A7-A14 AX4,A0-A6 D8-—D15 D8—D15 





tT | = input, O = output, E = provides external-component connection to the internal circuitry for tuning 
NOTES: 1. Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 
2. The TIS80FPA and TMS380SRA are currently supported only with the 4-MHz local bus in either CLKDIV state. Expansion to support 
the 6-MHz local bus is under development. 
3. Each pin must be individually tied to Vpp with a 1-kQ pullup resistor. 
4. Pin should be connected to ground. 
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Pin Functions (Continued) 


DESCRIPTION 
NAME oe tf BORON 


Memory-address latch. MAL is a strobe signal for sampling the address at the start of the memory 

cycle; it is used by SRAMs and EPROMs. The full 20-bit word address is valid on MAXO, MAXPH, 

MAX2, MAXPL, MADHO—MADH/7, and MADLO—MADLZ7. Three 8-bit transparent latches can be used 
2 
































MAL to retain a 20-bit static address throughout the cycle. 
Rising edge = Nosignal latching 
Fallingedge = Allows the above address signals to be latched 
Local-memory extended-address bit. MAXO drives AX0O at row-address time and A12 at 
column-address and data-valid times for all cycles. MAX0 can be latched by MRAS. Driving A12 eases 
_ | interfacing to a burn-in address (BIA) ROM. 
MAX0O 16 1/O 
Memory Cycle 
1Q 
Signal AX0 | 
| Local-memory extended-address bit. MAX2 drives AX2 at row-address time, which can be latched by 
MRAS, and A14 at column-address and data-valid times for all cycles. Driving A14 eases interfacing 
toa BIA ROM. 
MAX2 17 1/0 Memory Cycle 
. 1Q 2Q 
Signal AX2 A14 
Local-memory extended address and parity — high byte. For the first quarter of a memory cycle, 
MAXPH carries the extended-address bit AX1; for the second quarter of a memory cycle, MAXPH 
carries the extended-address bit AX0; and for the last half of the memory cycle, MAXPH carries the 
MAXPH 35 /O parity bit for the high data byte. 
Memory Cycle 
1Q 2Q 3Q 4Q 
Signal AX1 AX0 Parity Parity 
Local-memory extended address and parity — low byte. For the first quarter ofa memory cycle, MAXPL 
carries the extended-address bit AX3; for the second quarter of a memory cycle, MAXPL carries 
extended-address bit AX2; and for the last half of the memory cycle, MAXPL carries the parity bit for 
MAXPL 39 /O the low data byte. 
Memory Cycle 
1Q 2Q 3Q 4Q 
Signal AX3, AX2 Parity Parity 















Local-bus clock 1 and local-bus clock 2. MBCLK1 and MBCLK2 are referenced for all local-bus 
transfers. MBCLK2 lags MBCLK1 by a quarter of a cycle. MBCLK1 and MBCLK2 operate according 
| to: 





MBCLK [1:2] OSCIN CLKDIV 
8 MHz 64 MHz H 
8 MHz 32 MHz L 
12 MHz 48 MHz 


Buffer enable. MBEN enables the bidirectional buffer outputs on the MADH, MAXPH, MAXPL, and 
MADL buses during the data phase. MBEN is used in conjunction with MDDIR, which selects the 
buffer-output direction. 


























Buffer output disabled 
eae! output enabled 


H 







leunesn address enable. MBIAEN is an output signal used to provide an output enable for the ROM 
containing the adapter’s BIA. 


MBIAEN is driven high for any write accesses to the addresses between >00.0000 and 
>00.000F, or any accesses (read/write) to any other address. 
MBIAEN is driven low for any read from addresses between >00.0000 and >00.000F. 


Tt | = input, O = output, E = provides external-component connection to the internal circuitry for tuning 
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Pin Functions (Continued) 


Vo/et DESCRIPTION 


Reserved; must be pulled high (see Note 3) 


Column-address strobe for DRAMs. The column address is valid for the 3/16 of the memory cycle 
following the row-address portion of the cycle. MCAS is driven low every memory cycle while the 
column address is valid on MADLO—MADL7, MAXPH, and MAXPL, except when one of the following 
conditions occurs: 
When the address accessed is in the BIA ROM (>00.0000 — >00.000F) 
When the address accessed is in the EPROM memory map (i.e., when the BOOT bit in the SIFACL 
register is zero and an access is made between >00.0010 and >00.FFFF or >1F.0000 and 
>1F.FFFF) 
When the cycle is a refresh cycle, in which case MCAS is driven low at the start of the cycle before 
MRAS (for DRAMs that have CAS-before-RAS refresh). For DRAMs that do not support 
CAS-before-RAS refresh, it can be necessary to disable MCAS with MREF during the refresh cycle. 


18 © 


Data direction. MDDIR is used as a direction control for bidirectional bus drivers. MDDIR becomes valid 
before MBEN becomes active. 


H TI380C30 memory-bus write 

L TI380C30 memory-bus read 

Memory-output enable. MOE enables the outputs of the DRAM memory during a read cycle. MOE is 
high for EPROM or BIA ROM read cycles. 


H Disable DRAM outputs 
L Enable DRAM outputs 


is driven low every memory cycle while the row address is valid on MADLO—MADL7, MAXPH, and 
MAXPL for both RAM and ROM cycles. MRAS is also driven low during refresh cycles when the refresh 
address is valid on MADLO—MADL7. 


DRAM refresh cycle in progress. MREF indicates thata DRAM refresh cycle is occurring. Itis also used 
for disabling MCAS to all DRAMs that do not use a CAS-before-RAS refresh. 


H DRAM refresh cycle in process 
L Not a DRAM refresh cycle 


Memory-bus reset. MRESET is a reset signal generated when either the ARESET bit in the SIFACL 
register is set or SRESET is asserted. MRESET is used for resetting external local-bus glue logic. 


H External logic not reset 
L External logic reset 


ROM enable. During the first 5/16 of the memory cycle, MROMEN is used to provide a chip select for 
ROMs when the BOOT bit of the SIFACL is zero (i.e., when code is resident in ROM, not RAM). 
MROMEN can be latched by MAL. MROMEN goes low for any read from addresses >00.0010 — 
>00.FFFF or>1F.0000 —->1F.FFFF when the BOOT bitin the SIFACL register is zero. MROMEN stays 
high for writes to these addresses, accesses of other addresses, or accesses of any address when 
the BOOT bit is 1. During the final three quarters of the memory cycle, MROMEN outputs the A13 
address signal for interfacing to a BIA ROM. This means MBIAEN, MAX0, ROMEN, and MAX2 form 
a glueless interface for the BIA ROM. 


MRESET 
H ROM disabled 


MROMEN 
L = ROMenabled 


T | = input, O = output, E = provides external-component connection to the internal circuitry for tuning 
NOTE 3: Each pin must be individually tied to Vpp with a 1-kQ pullup resistor. 


acs Row-address strobe for DRAMs. The row address lasts for the first 5/16 of the memory cycle. MRAS 








wy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 4-79 





ADVANCE INFORMATION 


NOILVINYOSNI SDNVAGCV 


TI380C30 
INTEGRATED TOKEN-RING 
COMMPROCESSOR AND PHYSICAL-LAYER INTERFACE 


SPWS016 — JANUARY 1995 


Pin Functions (Continued) 


7 DESCRIPTION 
NAME Ore 


Local-memory write. MW is used to specify a write cycle on the local-memory bus. The data on the 
MADHO-MADH7 and MADLO-—MADL7 buses is valid while MW is low. DRAMs latch data on the falling 
edge of MW, while SRAMs latch data on the rising edge of MW. 
‘ Not a local-memory write cycle 

Local-memory write cycle 


NABL 6{| 1 | ——— control. NABL is used in the physical-layer circuitry (see Note 3). 


= _ These pins should be left unconnected. 


sp Nonmaskable interrupt request. NMI must be left unconnected. 


Network selection outputs. NSELOUTO and NSELOUT1 are controlled by the host through the 
corresponding bits of the SIFACL register. The value of NSELOUTO and NSELOUT1 can be changed 
only while the TI380C30 is reset. 





NSELOUTO 


NSELOUT1 


NSELOUTO NSELOUT1 DESCRIPTION 
L ° H 16-Mbps token ring 
H H 4-Mbps token ring 


Insert control. NSRT enables the phantom-driver outputs (PHOUTA and PHOUTB) through the 
watchdog timer for insertion onto the token ring. 

Static high = Inactive, phantom current removed (due to watchdog timer) 

Staticlow = Inactive, phantom current removed (due to watchdog timer) 

Falling edge = Active, current output on PHOUTA and PHOUTB 


Oscillator output . OSC32 provides a 32-MHz clock output and can be used to drive OSCIN and one 
other TTL load. 


External oscillator input. OSCIN provides the clock frequency to the T1I380C30 for a 4-MHz or 6-MHz 
internal bus (see Notes 5 and 6). 

CLKDIV OSCIN 

H 64 MHz for a 4-MHz local bus 

L 32 MHz for a 4-MHz local bus or 48 MHz for a 6-MHz local bus 


Oscillator output 


CLKDIV OSCOUT 
L OSCIN+4 (if OSCIN = 32 MHz, OSCOUT = 8 MHz; 
. if OSCIN = 48 MHz, OSCOUT = 12 MHz) 
H OSCIN+8 (if OSCIN = 64 MHz, OSCOUT = 8 MHz) 


Phantom-driver outputs A and B. PHOUTA and PHOUTB cause insertion onto the token ring. PHOUTA 
and PHOUTB should be connected to the center tap of the transmit transformer secondary winding 
for phantom-drive generation. 


Parity enable. The value on PRTYEN is loaded into the PEN bit of the SIFACL register at reset (i.e., 
when SRESET is asserted or the ARESET bit in the SIFACL register is set) to form a default value. 





NSRT 121 





OSC32 







OSCIN 


a 





OSCOUT 172 


PHOUTA 


PHOUTB 





PRTYEN enables parity checking for the local memory. 


PRTYEN 59 


H Local-memory data bus checked for parity (see Note 1). 
L Local-memory data bus not checked for parity. 


ower-down control 

-H = Normal operation 

L = 1I380C30 physical-layer circuitry is placed into a power-down state. All TTL apne of the 
physical layer are driven to the high-impedance state. 


Reference-clock i cal PXTALIN is synthesized from the 8-MHz crystal oscillator used for XT1 and 
XT2. 


tT | = input, O = output, E = provides external-component connection to the internal circuitry for tuning 

NOTES: 1. Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 
3. Each pin must be individually tied to Vpp with a 1-kQ pullup resistor. 
5. Pin has an expanded input voltage specification. 
6. A maximum of two TI3880C30 devices can be connected to any one oscillator. 





PXTAL 163 
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Pin Functions (Continued) 


soe vo/Et DESCRIPTION 


RATER indicates that there are transitions on the RCV+/RCV— input pair (DRVR +/DRVR— if WRAP. 





RATER is asserted low) but that the transition rate is not consistent with the ring speed selected by the S4/16 
pin. 

RCLK 161 Recovered clock. RCLK is the clock recovered from the token-ring received data. For 16-Mbps 
operation, it is a 32-MHz clock. For 4-Mbps operation, it is an 8-MHz clock. 

RCV+ 149 Receiver. RCV+ and RCV- are differential inputs that receive the token-ring data via isolation 

RCV- 147 transformers. 





RCVR 162 a aml Recovered data. RCVR contains the data recovered from the token ring. 


PLL ready. REDY is normally asserted (active) low. It is cleared following the assertion of FRAQ and 
REDY 124 reasserted after the data recovery PLL has been reinitialized. = 
H = Received data not valid 
L = Received data valid 


RES 137 | | Reserved. Should be left unconnected. . 


System address/data bus —high byte (see Note 1). These lines make up the most significant byte of 
each address word (32-bit address bus) and data word (16-bit data bus). The most significant bit is 
SADHO, and the least significant bit is SADH7. 





ue Address multiplexing: Bits 31 — 24 and bits 15 — 8+ 
Data multiplexing: Bits 15 — 8+ 
System address/data bus —low byte (see Note 1). These lines make up the least significant byte of 
each address word (32-bit address bus) and data word (16-bit data bus). The most significant bit is 
SADLO, and the least significant bit is SADL7. 

VO 


Address multiplexing: Bits 23 - 16 and bits 7 — 0 $ 
Data multiplexing: Bits 7 — 0 t 





System address-latch enable. SALE is the enable pulse used to externally latch the 16 LSBs of the 
address fromthe SADHO — SADH7 and SADLO — SADL7 buses atthe start of the DMA cycle. Systems 
that implement address parity can also externally latch the parity bits (SPH and SPL) for the latched 
address. 


System bus busy. The Ti380C30 sampies the value on SBBSY during arbitration (see Note 1). The 
sample has one of two values: 


ADVANCE INFORMATION 





H Not busy. The TI380C30 can become bus master if the grant condition is met. 
L Busy. The TI380C30 cannot become bus master. 


SBCLK 34 ea System bus clock. The TI380C30 requires the external clock to synchronize its bus timings for all DMA 








transfers. Valid frequencies are 2 MHz-33 MHz. 


SBHE is used for system byte high enable. SBHE is a 3-state output driven during DMA; 
it is an input at all other times. 

Intel Mode 
H = System byte high not enabled (see Note 1) 


L = System byte high enabled 


SRNW is used for system read not write. SRNW serves as a control signal to indicate 
Motorola | @ read or write cycle. 
mode H Read cycle (see Note 1) 
L Write cycle 


tT | = input, O = output, E = provides external-component connection to the internal circuitry for tuning 
+ Typical bit ordering for Intel™ and Motorola processor buses 
NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 





intel is a trademark of Intel Corporation. 
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Pin Functions (Continued) 


. DESCRIPTION 


System-bus release. SBRLS indicates to the TI380C30 that a higher-priority device requires the 
system bus. The value on SBRLS is ignored when the TI380C30 is not performing DMA. SBRLS is 
internally synchronized to SBCLK. 


A 
e] 
mi 
— 



















The T1380C30 can hold onto the system bus (see Note 1). 
The TI380C30 should release the system bus upon completion of current DMA cycle. If the 
DMA transfer is not yet complete, the SIF rearbitrates for the system bus. 


H 
PL 





System-chip select. SCS activates the system interface of the TI380C30 for a DIO read or write. 









Not selected (see Note 1) 
Selected 


1H 
L 


System data-bus enable. SDBEN signals to the external data buffers to begin driving data. SDBEN 
| is activated during both DIO and DMA. 





H 
L 


System data direction. SDDIR provides to the external data buffers a signal indicating the direction in 
| which the data is moving. During DIO writes and DMA reads, SDDIR is low (data direction is into the 
| T1I380C30). During DIO reads and DMA writes, SDDIR is high (data direction is out from the TI380C30). 
When the system interface is not involved in a DIO or DMA operation, SDDIR is high by default. 


Keep external data buffers in the high-impedance state 
Cause external data buffers to begin driving data 








SDDIR 75 









DATA 
SDDIR DIRECTION DIO DMA 

H output read write 
L input write read 


SHLDA is used for system-hold acknowledge. SHLDA indicates that the system 
H Hold request acknowledged 


DMA-hold request has been acknowledged. SHLDA is internally synchronized to 
Intel Mode 
| L Hold request not acknowledged 


SBCLK (see Note 1). 
SBGR is used for system bus grant. SBGR is an active-low bus grant, as defined in the 
standard 68xxx interface, and is internally synchronized to SBCLK (see Note 1). . 
Motorola 
woe H = System bus not granted 


L System bus granted 


| SHRQ is used for system-hold request. SHRQ is used to request control of the system 
bus in preparation for a DMA transfer. SHRQ is internally synchronized to SBCLK. 
Intel Mode: 





















H System bus requested 
L = System bus not requested 


SBRQ is used for system-bus request. SBRQ is used to request control of the system 
holorsla bus in preparation for a DMA transfer. SBRQ is internally synchronized to SBCLK. 
ee System bus not requested | 


L System bus requested 







SHRQ/SBRQ 93 


System-interrupt acknowledge. SIACK is from the host processor to acknowledge the interrupt request 
from the TI380C30. 





H System interrupt not acknowledged (see Note 1) 
L 


System interrupt acknowledged: The TI380C30 places its interrupt vector onto the system 
bus. 


T | = input, O = output, E = provides external-component connection to the internal circuitry for tuning 
NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 


4 
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Pin Functions (Continued) 


VO/ET 3 DESCRIPTION 


System-Intel/ Motorola mode select. The value on SI/M specifies the system-interface mode. 


















SI/M H 


Intel-compatible-interface mode selected. Intel interface can be 8-bit or 16-bit mode 
(see S8/SHALT description and Note 1). 
Motorola-compatible-interface mode selected. Motorola-interface mode is always 16 bits. 


Intel Mode 
Motorola 
Mode H No interrupt request 
L Interrupt request by TI380C30 


System bus owned. SOWN indicates to external devices that TI380C30 has control of the system bus. 
SOWN drives the enable signal of the bus-transceiver chips that drive the address and bus-control 
signals. 










SINTR is used for system-interrupt request. TI380C30 activates SINTR to signal an 
interrupt request to the host processor. 





H 
L 


SIRQ is used for system-interrupt request. TI380C30 activates SIRQ to signal an 
interrupt request to the host processor. 






Interrupt request by TI380C30 
No interrupt request 






SINTR/SIRQ 













H TI380C30 does not have control of the system bus. 
L = TI380C30 has control of the system bus. 


System parity high. SPH is the optional odd-parity bit for each address or data byte transmitted over 
| SADHO—SADH7 (see Note 1). 


System parity low. SPL is the optional odd-parity bit for each address or data byte transmitted over 
SADLO-SADL7 (see Note 1). 


SRAS is used for system memory-address strobe (see Note 7). SRAS is used to latch 
the SCS and SRSX — SRS2 register input signals. In a minimum-chip system, SRAS is 
tied to the SALE output of the system bus. The latching capability can be defeated since 
the internal latch for these inputs remains transparent as long as SRAS remains high. 
This permits SRAS to be pulled high and the signals at SCS, SRSX — SRS2, and SBHE 
to be applied independently of the SALE strobe from the system bus. During DMA, SRAS 
remains an input. 





spo 















Intel Mode 





H = 
L = 


Falling edge 


Transparent mode 
Holds latched values of SCS, SRSX—SRS2, and SBHE 
Latches SCS, SRSX — SRS2, and SBHE 


SAS is used for sytem-memory address strobe (see Note 7). SAS is an active-low 
address strobe that is an input during DIO (although ignored as an address strobe) and 
an output during DMA. 


SRAS/SAS 







Motorola 
Mode 









H Address is not valid. 
L Address is valid and a transfer operation is in progress. 


T | = input, O = output, E = provides external-component connection to the internal circuitry for tuning 


NOTES: 1. Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 
7. Pin should be tied to Vpp with a 4.7-kQ pullup resistor. 


~ —H 
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Pin Functions (Continued) 


Fa voret DESCRIPTION 


SRD is used for system-read strobe (see Note 7). SRD is the active-low strobe indicating 
that a read cycle is performed on the system bus. SRD is an input during DIO and an 
output during DMA. 
Intel Mode | 
H Read cycle is not occurring. . 
L If DMA, host provides data to system bus. 
SRD/SUDS 98 V0 If DIO, SIF provides data to system bus. 
| SUDS is used for upper-data strobe (see Note 7). SUDS is the active-low upper-data 
Motorola strobe. SUDS is an input during DIO and an output during DMA. 
Mode JH = Not valid data on SADHO-SADH7 lines 
L = Valid data on SADHO-—SADH/7 lines 


SRDY is used for system bus ready (see Note 7). SRDY indicates to the bus master that 
a data transfer is complete. SRDY is asynchronous but during DMA and pseudo-DMA 
cycles, it is internally synchronized to SBCLK. During DMA cycles, SRDY must be 
asserted before the falling edge of SBCLK in state T2 in order to prevent a wait state. 
RDY is an output when the TI380C30 is selected for DIO; otherwise, it is an input. 














Intel Mode 


S) 
H System bus is not ready. 
L Data transfer is complete; system bus is ready. 





SRDY/SDTACK 97 


SRESET 62 a 


SRSX 
SRSO 


SDTACK is used for system data-transfer acknowledge (see Note 7). The purpose of 
SDTACK is to indicate to the bus master that a data transfer is complete. SDTACK is 
internally synchronized to SBCLK. During DMA cycles, SDTACK must be asserted | 
before the falling edge of SBCLK in state T2 in order to prevent a wait state. SDTACK 
is an output when the T!1380C30 is selected for DIO; otherwise, it is an input. 








Motorola 
Mode 


H 
L 


System reset. SRESET is activated to place the Ti380C30 into a known initial state. Hardware reset 
puts most of the TI380C30 outputs into the high-impedance state and places all blocks into the reset 
state. The Intel-mode DMA bus-width selection (S8) is latched on the rising edge of SRESET. 


System bus is not ready. 
Data transfer is complete; system bus is ready. 

















H 
L 
Rising edge 


No system reset 
System reset 
Latch bus width for DMA operations (for Intel-mode applications) 










SRSX and SRSO-—SRS82 are used for system-register select. These inputs select the 
word or byte to be transferred during a system DIO access. The most significant bit is 


Intel Mode SRSX and the least significant bit is SRS2 (see Note 1). 











MSb LSb 
SRSX SRSO SRS1 SRS2/SBERR 


SRSX, SRSO and SRS1 are used for system-register select. These inputs select the 
word or byte to be transferred during a system DIO access. The most significant bit is 
SRSX and the least significant bit is SRS1 (see Note 1). 












Register selected = 





SRS1 
SRS2/SBERR 








MSb LSb 
{ Motorola | Registerselected = SRSX SRSO SRS1 


Mode 








SBERR is used for bus error. SBERR corresponds to the bus-error signal of the 68xxx 
microprocessor. It is internally synchronized to SBCLK. SBERR is driven low during a 
DMA cycle to indicate to the TI380C30 that the cycle must be terminated (see Section 
3.4.5.3 of the 7MS380 Second-Generation Token-Ring User’s Guide (SPWU005) for 
more information). 
Tt | = input, O = output, E = provides external-component connection to the internal circuitry for tuning 

NOTES: 1. Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 

7. Pin should be tied to Vpp with a 4.7-kQ pullup resistor. 
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SWR is used for system-write strobe (see Note 7). SWR is an active-low write strobe that 
is an input during DIO and an output during DMA. 
intel Mode H Write cycle is not occurring. 
L If DMA, data to be driven from SIF to host bus. 
SWR/SLDS If DIO, on the rising edge, the data is latched and written to the selected register. 
SLDS is used for lower-data strobe (see Note 7). SLDS is an input during DIO and an 
Motorola output during DMA. 
Mode 1H = Not valid data on SADLO-SADL? lines 
L Valid data on SADLO-—SADL7 lines 
counter causes a carry out of the lower 16 bits). Systems that implement parity on addresses can use 
S4/16 155 ig 4-Mbps data rate 
TI380C30 latches the DMA bus width; otherwise, the value on oe dynamically selects 


Pin Functions (Continued) 
System extended-address latch. SXAL provides the enable pulse used to externally latch the most 
significant 16 bits of the 32-bit system address during DMA. SXAL is activated prior to the first cycle 
SXAL 79 
| SXAL to externally latch the parity bits (available on SPL and SPH) for the DMA address extension. 
SYNCIN 12 fon aa Reserved. SYNCIN must be left unconnected (see Note 1). 
= 16-Mbps data rate 
$8 is used for system 8-/16-bit bus select. S8 selects the bus width used for 
Intel Mode | the DIO bus width. 
$8/SHALT 69 
Motorola 
Mode 


voret DESCRIPTION 
of each block DMA transfer, and thereafter as necessary (whenever an increment of the DMA address 
Speed switch. S4 / 16 specifies the token-ring data rate. 
communications through the system interface. On the rising edge of SRESET, the 
Test ports used during the production test of the device. Should be left unconnected. 






H Selects 8-bit mode (see Note 1) 
L Selects 16-bit mode 


SHALT is used for system halt/bus error retry. If SHALT is asserted along with bus error 
(SBERR), the adapter retries the last DMA cycle. This is the rerun operation as defined 
in the 68xxx specification. The BERETRY counter is not decremented by SBERR when 
SHALT is asserted (see Section 3.4.5.3 of the 7MS380 Second-Generation Token-Ring 
User’s Guide (GPWU005) for more information). 
























Network select inputs. TESTO—TEST2 are used to select the network speed and type to be used by 
the TI380C30. These inputs should be changed only during adapter reset. Connect TEST2 to Vpp_L: 


TESTO TEST1 TEST2 DESCRIPTION 
L NC H 16-Mbps token ring 
H NC H 4-Mbps token ring 
X X L Reserved 


Test inputs. TEST3—TEST5 should be left unconnected (see Note 1). Module-in-place test mode is 
achieved by tying TEST3 and TEST4 to ground. In this mode, all TI380C30 outputs are in the 
high-impedance state. Internal pullups on all T1380C30 inputs are disabled (except TEST3-—TEST5). 





Test-port reset. TRST should be tied to ground for normal operation of the T1380C30. 
H = Reserved 
L = Test ports forced to an idle state 
T | = input, O = output, E = provides external-component connection to the internal circuitry for tuning 
NOTES: 1. Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 
7. Pin should be tied to Vpp with a 4.7-kQ pullup resistor. 


TRST 








wp TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 4—85 


ADVANCE INFORMATION 


NOILVINYOSNI SDNVAGV 


TI380C30 
INTEGRATED TOKEN-RING oo | 
COMMPROCESSOR AND PHYSICAL-LAYER INTERFACE 


SPWS016 - JANUARY 1995 


| Pin Functions (Continued) 
rg a 
14 : 


Positive-supply voltage for output buffers. All Vpp pins must be attached to the common-system 
power-supply plane. 










Vopar 148 | — | Postvesuppy votage forrecehverciuts SSCS 

Vopaz 120 | — | Postvesuppy votagefordatarecovery PLLC 

Vopaa 128 |__| Postve-suppy votage forthe curentbias generator 

opp 157 | — | Postve-supply votage forouputbufers——SSSCSCSC~S~S~S~S~S~S~S 
13 


V 47 Positive-supply voltage for digital logic. All VDDL pins must be attached to the common-system 
DDL power-supply plane. 


Positive-supply voltage for digital logic. All Vpp. pins must be attached to the common-system 
power-supply plane. 





Positive-supply voltage for XTAL oscillator 
Positive-supply voltage for phantom drive 


Positive-supply voltage for transmit output 


VDDXx 145 | 


Ground connections for output buffers. All Vgs pins must be attached to system ground plane. 


Ground reference for receiver circuits 


Ground reference for data recovery PLL 


Ground reference for the current-bias generator 


Ground reference for output buffers (clean ground). All Vssc pins must be attached to the 





common-system ground plane. 





Ground reference for output buffers 
Ground reference for output buffers 





Ground reference for digital logic. All Vss1_ pins mustbe attached to the common-system ground plane. | 


Ground reference for internal logic 


| Ground reference for XTAL oscillator 
Vssp mi 140 fF | Ground reference for phantom drive 
VSSX 142 | | Ground reference for transmit output 


Phantom-wire fault. WFLT provides an indication of the presence of a short or open circuiton PHOUTA 
or PHOUTB. - 

H = No fault 

L = Openor short. The DC fault condition is present in the phantom-drive lines. 


Tis input, O = output, E = provides external-component connection to the internal circuitry for tuning 






= 
7 
| 


167 
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i eee ak} volet DESCRIPTION 


Internal wrap mode control. WRAP indicates the T1I380C30 has placed the physical layer in the 
WRAP 170 loopback-wrap mode for adapter self test. 
H = Normal ring operation 
L = Physical-layer wrap mode selected 


External fail-to-match signal. An enhanced address copy option (EACO) device uses XFAIL to indicate 
XFAIL 117 


to the TI380C30 that it should not copy the frame nor set the ARI/FCI bits in a token-ring frame due 
to an external address match.The ARI/FCI bits in a token-ring frame can be set due to an internal 
address-matched frame. If an EACO device is not used, XFAIL must be left unconnected. XFAIL is 
ignored when CAF mode is enabled [see table in XMATCH description section (see Note 1)]. 
- af 
XMT+ 143 Le eae differential outputs XMT+ and XMT-— provide a low-impedance differential source for line drive 
XMT— 144 Le ee filtering and transformer isolation. 
XT1 130 XTAL connection. An 8-MHz crystal network can be connected here to provide a reference clock for 
XT2 132 the TI380C30. Alternatively, an 8-MHz TTL clock source can be connected to XT1. 


T | = input, O = output, E = provides external-component connection to the internal circuitry for tuning 
NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch). 



































H No address match by external address checker 
L External address-checker-armed state 


External match signal. An EACO device uses XMATCH to indicate to the TI380C30 to copy the frame 
and set the ARI/FCI bits in a token-ring frame. If an EACO device is not used, XMATCH must be left 
unconnected. XMATCH is ignored when CAF mode is enabled (see Note 1). 










Address match recognized by external address checker 


H 
L External address-checker-armed state 





XMATCH XFAIL FUNCTION 












0 0 Armed (processing frame data) 
0 1 Do not externally match the frame (XFAIL takes precedence) 
1 0 Copy the frame 


Do not externally match the frame (XFAIL takes precedence) 
Reset state (adapter not initialized) 
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architecture 


The major blocks of the TI880C30 include the communications processor (CP), system interface (SIF), memory 
interface (MIF), protocol handler (PH), clock generator (CG), adapter-support function (ASF), and 
physical-layer interface. The functionality of each block is described in the following sections. 


communications processor (CP) 


The CP performs the control and monitoring of the other functional blocks in the TI380C30. The control and 


monitoring protocols are specified by the software eon cetee or ROM-based) in local memory. Available 


protocols include: 


@ Media access control (MAC) software 
@ Logical link control (LLC) software 
® Copy all frames (CAF) software 


The CP is a proprietary 16-bit central processing unit (CPU) with data cache and a single prefetch pipe for 
pipelining of instructions. These features enhance the TI8380C30 maximum performance capability to about 8 
million instructions per second (MIPS) with an average of about 5 MIPS. 


system interface (SIF) 


The SIF performs the interfacing of the LAN subsystem to the host system. This interface may require additional 
logic depending on the application. The system interface can transfer information/data using any of these three 
methods: 


@ Direct memory access (DMA) 


— @ ~~ Direct input/output (DIO) 


@ Pseudo-direct memory access (PDMA) 


DMA (or PDMA) is used to transfer all data to/from host memory from/to local memory. The main uses of DIO 
are for loading the software to local memory and for initializing the TI880C30. DIO also allows command/status 
interrupts to occur to and from the TI880C30. 


The system interface can be hardware selected for either of two modes by using SI/M. The mode selected 
determines the memory organizations and control signals used. These modes are: 


® The Intel mode (80x8x families): 8-, 16-, and 32-bit bus devices 
@ The Motorola mode (68xxx microprocessor family): 16- and 32-bit bus devices 


The system interface supports host-system memory addressing up to 32 bits (82-bit reach into the host system 


memory). This allows greater flexibility in using/accessing host-system memory. System designers are allowed 


to customize the system interface to their particular bus by: 


@ Programmable burst transfers or cycle-steal DMA operations 
@ Optional parity protection 


These features are implemented in hardware to reduce system overhead, facilitate automatic rearbitration of 
the bus after a burst, or repeat a cycle when errors occur (parity or bus). Bus retries are also supported. 


The system-interface hardware also includes features to enhance the integrity of the TI380C30 operation and 
the.data. These features include the following: 


@ Always internally maintain odd-byte parity regardless of parity being disabled 
® Monitor for the presence of a clock failure 
@ Provide switchable SIF speeds at 2MHz to 33MHz 


On every cycle, the system interface compares all the system clocks to a reference clock. If any of the clocks 
become invalid, the TI880C30 enters the slow-clock mode which prevents latch-up of the TI380C30. If the 
SBCLK is invalid, any DMA cycle is terminated immediately; otherwise, the DMA cycle is completed and the 
TI380C30 is pipes in slow-clock mode. 
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system interface (SIF) (continued) 


When the TI380C30 enters the slow-clock mode, the clock that failed is replaced by a slow free-running clock, 
and the device is placed into a low-power reset state. When the failed clock(s) return to valid operation, the 
TI380C30 must be reinitialized. 


For DMA with a 16-MHz clock, a continuous transfer rate of 64 Mbps (8 MBps) can be obtained. For DMA with 
a 25-MHz clock, a continuous transfer rate of 96 Mbps (12 MBps) can be obtained. For DMA with a 33-MHz 
clock, a continuous transfer rate of 128 Mbps (16MBps) can be obtained. For 8-bit and 16-bit pseudo-DMA, 
the following data rates can be obtained: 


LOCAL BUS SPEED 8-BIT PDOMA 16-BIT PDMA 


Since the main purpose of DIO is for downloading and initialization, the DIO transfer rate is not a significant 
issue. 







memory interface (MIF) 


The MIF performs memory management to allow the TI380C30 to address 2 Mbytes in local memory. Hardware 
in the MIF allows the TI380C30 to be directly connected to DRAMs without additional circuitry. This 
glueless-DRAM connection includes the DRAM refresh controller. The MIF also handles all internal bus 
arbitration between these blocks. When required, the MIF arbitrates for the external bus. 


The MIF is responsible for the memory mapping of the CPU of a task. The memory map of DRAMs, EPROMs, 
burned-in addresses (BIA), and external devices are appropriately addressed when required by the system 
interface, protocol handler when required for a DMA transfer. The memory interface is capable of a 64-Mbps 
continuous transfer rate when using a 4-MHz local bus (64-MHz device crystal) and a 96-Mbps continuous 
transfer rate when using a 6-MHz local bus. | 


protocol handler (PH) 


The PH performs the hardware-based real-time protocol functions for a token-ring LAN. Network type is 
determined by TESTO-—TEST2. Token-ring network is determined by software and can be either 16 Mbps or 
4 Mbps. These speeds are fixed by the software not by the hardware. 


The PH converts the parallel-transmit data to serial-network data of the appropriate coding and converts the 
received serial data to parallel data. The PH data-management state machines direct the 
transmission/reception of data to/from local memory through the MIF. The PH buffer-management state 
machines automatically oversee this process, directly sending/receiving linked lists of frames without CPU 
intervention. 


The PH contains many state machines that provide the following features: 


Transmit and receive frames 

Capture tokens 

Provide token-priority controls 

Manage the TI380C30 buffer memory 

Provide frame-address recognition (group, specific, functional, and multicast) 
Provide internal parity protection 

@ Control and verify the physical-layer circuitry-interface signals 


Integrity of the transmitted and received data is assured by cyclic-redundancy checks (CRC), detection of 
network-data violations, and parity on internal data paths. All data paths and registers are optionally parity 
protected to assure functional integrity. 
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adapter-support function (ASF) 
The ASF performs support functions not contained in the other blocks. The features are: 


@ The TI380C30 base timer 

@ Identification, management, and service of internal and external interrupts 
@ Test-pin mode control, including the unit-in-place mode for board testing 
@ Checks for illegal states, such as illegal opcodes and parity 


clock generator (CG) 


The CG performs the generation of all internal clocks required by the other functional blocks, including the local 
memory-bus clocks (MBCLK1, MBCLK2). The CG also generates the reference timer used to sample all input 
clocks (SBCLK, OSCIN, RCLK, and PXTALIN). If no transition is detected within the period of the reference timer 
on any input clock signal, the CG places the TI880C30 into slow-clock mode. The frequency of the reference 


timer is in the range of 10 KHz—100 kHz. 


physical-layer interface (PHY) 


The major blocks of the TI880C30 PHY include the receiver/equalizer, clock recovery PLL, wrap function, 
phantom drive with wire-fault detector, and watchdog timer. Figure 2 is the block diagram illustrating these major 


blocks, and the functionality of each block is described in the following sections. 


3M 
Equalizer 8 MHz $4/16 ATEST FRAQ NABL 
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Figure 2. Functional Block Diagram of the PHY 
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receiver 


Figure 3 shows the arrangement of the line-receiver/equalizer circuit. The differential-input pair, RCV+ and 
RCV-—, are designed to be connected to a floating winding of an isolation transformer. Each is equipped with 
a bias circuit to center the operating point of the differential input at approximately Vpp = 2. 


The differential-input pair consists of a pair of MOSFETs, each with an identical current source in its source 
terminal that is set to supply a nominal current of 1.5 mA. At low signal levels, the gain of this pair is inversely 
proportional to the impedance connected between their sources on EQ— and EQ+. A frequency-equalization 
network can be connected between EQ+ and EQ- to provide equalization for media-signal distortion. 


The internal-wrap mode is provided for self test of the device. When selected by taking WRAP low, the normal 
input path is disabled by a multiplexer and a path is enabled from the DRVR+/DRVR- input pair. Receiver gain, 
thresholds, and equalization are unchanged in the internal-wrap mode. 


| LOAD | | LOAD | 







RCV+| | 
RCV-| x DATA 
es : External Equalizer -_ DATA 
P 
| 
WRAP 
as = {tae 


From DRVR+/DRVR-— 


Figure 3. Line Receiver/ Equalizer 


receiver-clock recovery 


The clock and data recovery in TIS80C30 is performed by an advanced, digitally controlled phase-locked loop. 
In contrast to the TMS38054, the PLL of the TI380C30 is digitally controlled and the loop parameters are set 
by internally programmed digital constants. This results in precise control of loop parameters and requires no 
external loop-filter components. 


The TI380C30 implements an intelligent algorithm to determine the optimum phase position for data sampling 
and extracted-clock synthesis. The resulting action of the TI880C30 can be modeled as two cascaded PLLs 
as shown in Figure 4. 
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receiver-clock recovery (continued) 


RCLK 
RCV Data 


RCVR 


f3dB = 680 KHz fadB = 162 KHz 





NOTE: fggp = 3dB bandwidth of PLL 
Figure 4. Dual PLL Arrangement 


PLL1 represents the algorithm to recover data from the incoming stream detected by the receiver. It has a 
relatively high bandwidth to provide good jitter tolerance. Data and embedded-clock-phase information are fed 
as digital values to PLL2 that generates the extracted clock (RCLK) for the TI880C30 commprocessor. The 
recovered data is sent to the TI380C30 as the RCVR signal synchronously with RCLK. In addition to sampling 
the RCVR signal, the TI3880C30 uses RCLK to retransmit data in most cases. The lower bandwidth of PLL2 
greatly reduces the rate of accumulation of data-correlated phase jitter in a token-ring network and provides very 
good accumulated-phase-slope (APS) characteristics. In addition to RCLK, the token-ring reference clock 
(PXTAL) and a fixed-frequency 32-MHz clock (OSC32) are also synthesized from the 8-MHz crystal reference. 


line driver and wrap function 


The line-drive function of the TI380C30 is performed by XMT+/XMT-—. Unlike the TMS38054, these pins are 
low-impedance outputs and require external-series resistance to provide line termination. These pins provide 
buffering of the differential signal from the PH on DRVR+/DRVR- with action to control skew and asymmetry, 
and with no retiming in the transmit path. 


The wrap function is designed to provide a signal path for system self-test diagnostics. When the PH drives 
WRAP low, the receiver inputs are ignored and the transmit signal is fed to the receiver input circuitry via.a 
multiplexer. In the internal wrap mode, WRAP can be checked by observing the signal amplitude at the 
equalization pins, EQ+ and EQ-. Equalization is active at this signal level, although the signal does not exhibit 
the high-frequency attenuation effects for which equalization is intended to compensate. During wrap mode, 
both XMT+/XMT-— are driven to a low state to prevent any dc current flowing in the isolation transformer. 





phantom driver and wire-fault detection 


4-92 


The phantom-drive circuit under control of NSRT generates a dc voltage on both of the phantom-drive outputs, 
PHOUTA and PHOUTB. In order to maintain the phantom drive, NSRT is toggled by the TI380C30 at least once 
every 20 ms. A watchdog timer is included t inthe TI380C30 to remove the phantom drive if NSRT does not have 
the required transitions. 





The watchdog timer is normally not allowed to expire because it is being reinitialized at ast every 20 ms. If there 
is aproblem in the TI880C30 or its microcode resulting in failure to toggle NSRT, the timer expires ina maximum 
of 22 ms. If this happens, the phantom drive is deasserted and remains So until the next falling edge of NSRT. 
The watchdog timer requires no external-timing components. When the phantom drive is deasserted, the 
phantom-drive lines are actively pulled low, reaching a level of 1 V or less within 50 ms. 
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phantom driver and wire-fault detection (continued) 


The dc voltage from PHOUTA and PHOUTB is superimposed on the transmit-signal pair to the trunk-coupling 
unit (TCU) to request that the station be inserted into the ring. This is achieved by connecting the transmit-signal 
pair to the center of the secondary winding of the transmit-isolation transformer. Since PHOUTA and PHOUTB 
are connected to the media side of the isolation transformer, they require extensive protection against line 
surges. A capacitor is connected between the two phantom lines to provide an ac path for the transmit signal, 
while PHOUTA and PHOUTB independently drive the dc voltage on each of the transmit lines allowing for 
independent wire-fault detection on each. 


The phantom voltage is detected by the TCU, causing the external wrap path from the transmitter outputs back 
to the receiver inputs to be broken and the ring to be broken. A signal connection is established from the ring 
to the receiver inputs and from the transmitter outputs to the ring. The return current from the dc-phantom 
voltage on the transmit pair is returned to the station via the receive pair. This provides some measure of 
wire-fault detection on the receive lines. The phantom-drive outputs are current limited to prevent damage if 
short circuited. They detect either an abnormally high or an abnormally low load current at either output 
corresponding to a short or an open circuit in the ring or TCU wiring. Either type of fault results in the wire-fault 
indicator output (WFLT) to be driven low. The logic state of WFLT is high when the phantom drive is not active. 








frequency acquisition and REDY 


Unlike its predecessors, the TMS3805x family, the data-recovery PLL of the TI380C30 does not require 
constant frequency monitoring; neither is it necessary to recenter its frequency via the FRAQ control line. When 
the TI8380C30 PH asserts FRAQ, it initiates a reset of the clock-recovery PLL. The REDY signal is deasserted 
for the duration of this action and reasserted low when it is complete (a maximum of 3 ps later). This low-going 
transition of REDY is required by the TI880C30 following the setting of FRAQ high to indicate to the PH that any 
frequency error that it could have detected has been corrected. 





power-down control 


The TI380C30 physical-layer interface can be disabled by the PWRDN signal. If PWRDN is taken low, all outputs 
of the physical-layer interface are in the high-impedance state and all internal logic is powered down, bringing 
power consumption to a very low level. Upon removing PWRDN, the device resets and initializes itself. This 
process could take up to 2 ms and care should be taken to ensure that the system does not require stable clocks 
during this period. ; 


user-accessible hardware registers and TI380C30-internal pointers 


The following tables show how to access internal data via pointers and how to address the registers in the host. 
interface. The SIFACL register, which directly controls device operation, is described in detail. The 
adapter-internal pointers table on the following page is defined only after TI380C30 initialization and until the 
OPEN command is issued. These pointers are defined by the TI380C30 software (microcode), and this table 
describes the release 2.x software. 








wy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 4-93 


ADVANCE INFORMATION 


NOILLVINYOANI SONVAGV 





71380030 
INTEGRATED TOKEN-RING 
CONMPROCESSOR AND PHYSICAL-LAYER INTERFACE 


SPWS016 — JANUARY 1995 





Adapter-Internal Pointers for Token Ringt 


“ADDRESS | | a DESCRIPTION a | 


>00.FFF8t Pointer to software raw microcode jevel i in chapter 0 


>00.FFFAt Pointer to starting location of copyright notices. Copyright - notices are separated by a >OA character and_ 
terminated by a>00 character in chapter 0. 


>01.0A00 Pointer to burned-in address in chapter 1 
>01.0A02 Pointer to software level in chapter 1 


>01.0A04 Pointer to TI380C30 addresses in chapter 1: 
Pointer + 0 node address 
Pointer + 6 group address 
Pointer + 10 functional address 


>01.0A06 Pointer to TI880C30 parameters in chapter 1: 
Pointer + 0 physical-drop number 
Pointer + 4 upstream neighbor address 
Pointer + 10 upstream physical-drop number 
Pointer + 14 last ring-poll address 
Pointer + 20 reserved 
Pointer + 22 transmit access priority 
Pointer + 24 source class authorization 
Pointer + 26 last attention code 
Pointer + 28 source address of the last received frame 
Pointer + 34 last beacon type 
Pointer + 36 last major vector 
Pointer + 38 ring status 
Pointer + 40 soft-error timer value 
Pointer + 42 ring-interface error counter 
Pointer + 44 local ring number . 
Pointer + 46 monitor error code 
Pointer + 48 last beacon-transmit type 
Pointer + 50 last beacon-receive type 
Pointer + 52 last MAC-frame correlator 
Pointer + 54 last beaconing-station UNA 
Pointer + 60 reserved 
Pointer + 64 last beaconing-station physical-drop number 


>01.0A08 Pointer to MAC buffer (a special buffer used by the software to transmit adapter-generated MAC frames) in chapter 1 


>01.0A0A Pointer to LLC counters in chapter 1: 
Pointer + 0 MAX_SAPs 
Pointer + 1 open SAPs 
Pointer + 2 MAX_STATIONS 
Pointer + 3 open stations 
Pointer + 4 available stations 
Pointer + 5 reserved 


>01.0A0C Pointer to 4-/16-Mbps word flag. If zero, the adapter is set to run at 4 Mbps. If nonzero, the adapter is set to run at 16 Mbps. 


>01.0A0E Pointer-to total TI380C30 RAM found in 1K bytes in RAM allocation test in chapter 1. 


T This table describes the pointers for release 2.x of the TI380C30 software. 
+ This address valid only for microcode release 2.x 
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User-Access Hardware Registers 


80x8x 16-BIT MODE: (SI/M = 1, S8/SHALT = 0)T 


NORMAL MODE PSEUDO-DMA MODE ACTIVE 
SBHE = 0 SBHE = 0 
SRS2 = 0 SRS2 = 0 


WORD TRANSFERS 


BYTE TRANSFERS 


SRSX SRSO SRS1 


SDMADAT MSB 
DMALEN MSB 
SDMAADR MSB 
SDMAADX MSB 
SIFACL MSB 
SIFADR MSB . 
SIFADX LSB SIFADX MSB 
DMALEN LSB DMALEN MSB 


d 


SDMADAT LSB 
DMALEN LSB 
SDMAADR LSB 
SDMAADX LSB 
SIFACL LSB 
SIFADR LSB 
SIFADX LSB 
DMALEN LSB 


SIFDAT LSB 
SIFDAT/INC LSB 
SIFADR LSB 
SIFSTS 

SIFACL LSB 
SIFADR LSB 


SIFDAT MSB 
SIFDAT/INC MSB 
SIFADR MSB 
SIFCMD 

SIFACL MSB 
SIFADR MSB 
SIFADX MSB 
DMALEN MSB 


T SBHE = 1 and SRS2 = 1 are not defined 


80x8x 8-BIT MODE: (SI/M = 1, S8/SHALT = 1) 


NORMAL MODE PSEUDO-DMA MODE ACTIVE 
SRSX SRSO SRS1 SRS2 SBHE = X SBHE = X 


SIFDAT LSB SDMADAT LSB 
SIFDAT MSB SDMADAT MSB 
SIFDAT/INC LSB DMALEN LSB 
SIFDAT/INC MSB DMALEN MSB 
SIFADR LSB SDMAADR LSB 
SIFADR MSB SDMAADR MSB 
SIFSTS SDMAADX LSB 
SIFCMD SDMAADX MSB 
SIFACL LSB SIFACL LSB 
SIFACL MSB SIFACL MSB 
SIFADR LSB SIFADR LSB 
SIFADR MSB SIFADR MSB 
SIFADX LSB SIFADX LSB 
SIFADX MSB SIFADX MSB 
DMALEN LSB DMALEN LSB 
DMALEN MSB DMALEN MSB 








0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


-—_— --=- 4 QOqQodc;crd-_" = = = ododdnao 
“~=30O00;--00- + 00-00 
~ OoO-' Oo +" O-- O- oO =$" —~S«aS_— is *— OO =|— «ES 


68xxx MODE: (SI/M = 0)# 


PSEUDO-DMA MODE ACTIVE 


WORD TRANSFERS SUDS = 0 


SUDS 
BYTE TRANSFERS SLDS 


SRSX SRSO SRS1 


ADVANCE INFORMATION 


SIFDAT MSB 
SIFDAT/INC MSB 
SIFADR MSB 
SIFCMD 

SIFACL MSB 
SIFADR MSB 
SIFADX MSB 
DMALEN MSB 


+ 68xxx mode is always 16 bit. 





SIFDAT LSB 
SIFDAT/INC LSB 
SIFADR LSB 
SIFSTS 

SIFACL LSB 
SIFADR LSB 
SIFADX LSB 
DMALEN LSB 
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DMALEN MSB 
SDMAADR MSB 
SDMAADX MSB 
SIFACL MSB 
SIFADR MSB 
SIFADX MSB 
DMALEN MSB 
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SDMADAT LSB 
DMALEN LSB 
SDMAADR LSB 
SDMAADX LSB 
SIFACL LSB 
SIFADR LSB 
SIFADX LSB 
DMALEN LSB 
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SIF adapter-control register (SIFACL) 
The SIFACL register allows the host processor to control and to some extent reconfigure the TI8380C30 under | 
SIFACL uae 


_ software control. 
NSEL NSEL 
i [=| a an oe _ [=| ae as 


R RR RS -0 -1 RP-p RP-0O - 


Bit # 





co4aom-alo 
-=4A0om—a4]— 
b4oOma] po 





Legend: 

Read 

Write 

Write during ARESET = 1 only 
Set only 

Value after reset 

Value on BTSTRP 

Value on PRTYEN 
Indeterminate 


Bits 0-2: Value on TESTO and TEST2 pins 


Read only and always reflects the value on the corresponding device pins. This allows the host 
S/W to determine speed configuration. If the network speed and type are software configurable, 
these bits can be used to determine which configurations are supported by the network 
hardware. 


sD 


a 
uoeid&t # it &@ to ot 


CUO !l_NVU 


TESTO TEST1 TEST2 Description 





“i NC H _16-Mbps token ring 
H NC 4H 4-Mbps token ring 
x X L Reserved 
Bit 3: Reserved. Read data is indeterminate. 
Bit 4: SWHLDA — Software-Hold Acknowledge 
Allows the function of SHLDA/SBGR to be emulated from software control for pseudo-DMA 
mode. 


[psounen [arpa [swina— RESULT 


SWHLDA value in the SIFACL register cannot be set to a one. 
No pseudo-DMA request pending 
Indicates a pseudo-DMA request interrupt 








Pseudo-DMA process in progress 
t The value on SHLDA / SBGR is ignored. 
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Bit 5: 


Bit 6: 


Bit 7: 


Bit 8: 


Bit 9: 
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SWDDIR — Current SDDIR-Signal Value 


Contains the current value of the pseudo-DMA direction. This enables the host to easily 
determine the direction of DMA transfers, which allows system DMA to be controlled by system 
software. 

O = Pseudo DMA from host system to TI380C30 

1 = Pseudo DMA from TI380C30 to host system 


SWHRQ — Current SHRQ-Signal Value 


Contains the current value on SHRQ/SBRQ when in Intel mode and the inverse of the value on 
SHRQ/SBRQ in Motorola mode. This enables the host to easily determine if a pseudo-DMA 
transfer is requested. 





INTEL MODE (SI/M = H) MOTOROLA MODE (SI/M = L) 
O = System bus not requested System bus not requested 
1 = System bus requested System bus requested 


PSDMAEN — Pseudo-System-DMA Enable 


Enables pseudo-DMA operation 

0 Normal bus-master DMA operation is possible. 

1 Pseudo-DMA operation selected. Operation dependent on the values of the SWHLDA and 
SWHRQ bits in the SIFACL register. 


ARESET — Adapter Reset 


Is a hardware reset of the TI380C30. This bit has the same effect as SRESET except that the 
DIO interface to the SIFACL register is maintained. This bit is set to 1 if a clock failure is detected 
(OSCIN, PXTALIN, RCLK, or SBCLK not valid). 


0 The TI3880C30 operates normally. 
1 The TI380C30 is held in the reset condition. 


CPHALT — Communications-Processor Halt 
Controls the TI880C30 processor access to the internal TI880C30 buses. This prevents the 
TI380C30 from executing instructions before the microcode has been downloaded. 


0 The TI380C30 processor can access the internal TI880C30 buses. 
1 The TI380C30 processor is prevented from accessing the internal-adapter buses. 


BOOT — Bootstrap CP Code 
Indicates whether the memory in chapters O and 31 of the local-memory space is RAM or 
ROM/PROM/EPROM. This bit controls the operation of MCAS and MROMEN. 


0 = ROM/PROM/EPROM memory in chapters 0 and 31 
1 = RAMmemory in chapters 0 and 31 | 
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Bit 11: LBP — Local-Bus Priority | 
Controls the priority levels of devices on the local bus 
0. No external devices (such as TI380FPA) are used with the TI380C30. 


i An external device (such as TI380FPA) is used with the TIS80C30. This allows external 
bus master to operate at the necessary priority on the local bus 


If the system uses the TMS380SRA only, the bit must be set to 0. If the system uses both the 
TMS380SRA and the TI380FPA, the bit must be set to 1. 





Bit 12: SINTEN — System-interrupt Enable 


Allows the host processor to enable or disable system-interrupt requests from the TI380C30. 
The system-interrupt request from the TI880C30 is on SINTR/SIRQ. The following equation 
shows how SINTR/SIRQ is driven. The table also explains the results of the states. 


SINTR/SIRQ = (PSDMAEN * SWHRQ * !SWHLDA) + (SINTEN * SYSTEM_INTERRUPT) 


SYSTEM 
INTERRUPT 
PSDMAEN SWHLDA | SINTEN seers RESULT 
REGISTER) | 


1 Pseudo DMA is active. | 
: 1 | The TI380C30 generated a system interrupt for a pseudo DMA. 
0 | | | Not a pseudo-DMA interrupt 

X | The TI380C30 generates a system interrupt. 

X The TI380C30 does not generate a system interrupt. 

X | The TI380C30 cannot generate a system interrupt. 


t The aa on SHLDA / SBGR is ignored. 





Bit 13: PEN — Parity Enable 
Determines whether data transfers within the TI8380C30 are checked for parity. 


O = Data transfers are not checked for parity. 
1 = Data transfers are checked for correct odd parity. 


Bit 14-15: NSELOUTO, NSELOUTO 1 — Network-Selection Outputs 
Values control NSELOUTO and NSELOUT1. These bits can be modified only while the ARESET 
bit is set. 
These bits can be used to software configure a TI880C30: NSELOUTO should be connected to 
TESTO (TEST1 should be left unconnected and TEST2 should be tied high). NSELOUTO and 
NSELOUT1 are used to select network speed as shown in the table below: 


PT oC~*~dEC“‘S(SCOTC(Reserved— 
SS 
| Os 
ptt Mbps tokenring 
At power up, these bits are set corresponding to 16-Mbps token ring NSE = 1, 
NSELOUTO = 0). 
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SIFACL control for pseudo-DMA operation 


Pseudo DMA operation is software controlled by using five bits in the SIFACL register. The logic model for the 
SIFACL-register control of pseudo-DMA operation is shown in Figure 2. 


Internal 
Signals 


SYSTEM_INTERRUPT 


(SIFSTS register) 


DMA 
Request 


DMA 
Grant 


DMADIR 





Motorola Mode 


=| -swatoa_[_swooi_[ swara[---[PSowAeN] SINTEN | -— 


SIFACL Register 


Figure 5. Pseudo-DMA Logic Related to SIFACL Bits 


Host 
Interface 


SINTR/SIRQ 


>- SHRQ/SBRQ 


SHLDA/SBGR 


SDDIR 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Supply voltage, Vpp (see Note 8) ........ si: Eede rahi ae Cee ee than acaba eae ecia tse wd Craerns -O0.5Vto7V 
Input voltage range (see Note 8) .......... cece cece cece eee eeeee sakes natn teal -O0.5Vto7V 
Output voltage range ................ OE Te ee ee ee ree ee ee Soe eee -O0.5Vto7V 
PROWL DISSIDAUON | wsninamei dceanlgcackionen ey ERORMN esas teenie waeuss Greetinas eee ates 1.25 W 
Operating free-air temperature range, TA «1... cece cece eee cence eet e nee eeneeeeaees 0°C to 70°C 
Storage temperature (ange: 2326 scsn dee tld gears tes oes oder id dveae heaves —65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. | 

NOTE 8: Voltage values are with respect to Vss, and all Vss pins should be routed so as to minimize inductance to system ground. 


recommended operating conditions 
Vp Supply voltage 
TTL-level signal 2 Vpp+0.3 ve 



















OSCIN 2.4 Vpp+0.3 V 
RCLK, PXTALIN, RCVR 26 Vpp+0.3 
VIL Low-level input voltage, TTL-level signal (see Note 9) 


io, High-level ouput curent (Gee Note 10) ————SS~* TT oetpsts iP SSSCSCSCS~SC*dC 
[Tc Operating case temperature ——SSSOSCSC~—SCSCSCSCSCSCSSC‘CS~S~iSSSSCS— | 


VIH High-level input voltage 










NOTES: 9. The algebraic convention, where the more negative (less positive) limit is designated as a minimum, is used for logic-voltage levels 


only. 
10. Outputcurrent of 2 mA is sufficient to drive five low-power Schottky TTL loads or ten advanced low-power Schottky TTL loads (worst 
case). 


electrical characteristics over recommended ranges of supply voitage and operating free-air 
temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS# MIN TYP MAX] UNIT 
1VOH _ High-level output voltage, TTL-level signal (see Note 11) Vpp = MIN, IOH = MAX | 24 ht ov 
VoL _ Low-level output voltage, TTL-level signal Vpp=MIN, Iol=MAX | 06] V 


| Vpp=MAX, Vo=24v | = 
fe) High-impedance output current pA 
Vpp=MAX, _Vo=0.4V 
| | uA 






a 

ce eee m 
[Power-downmode | Vpp=5V_——S~d SSS 

. 


+ For conditions shown as MIN/MAX, use the appropriate value specified under the recommended operating conditions. 
NOTE 11: The following signals require an external pullup resistor: SRAS/SAS, SRDY/SDTACK, SRD/SUDS, SWR/SLDS, 
EXTINTO—EXTINT3, and MBRQ. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) 


receiver input (RCV+ and RCV-) 


PARAMETER TEST CONDITIONS | MIN = MAX] UNIT 
Va Receiver input bias votage Vee-1 Vopr 


acre Vicm=Vsps, — Rtst = 330 Q, 
VT+ Rising-input threshold voltage See Notes 12, 13, and Figure 6 20 mV 
ed | VicM=VsB; — Ptst = 330 Q, _ 
VT Falling-input threshold voltage See Notes 12, 13, and Figure 6 20 mV 
VICM=VsB; — Rtst = 330 Q, a | 
VAT Asymmetry threshold voltage, (VT, + VT-_) See Notes 12, 13, and Figure 6 | 10 10] mV 
Rising-input common-mode rejection ; 
Vr(CM) [VT, (@Vgp + 0.5 V) - V7, (@Vgp -0.5 V) } See Notes 12, 13, and Figure 6 
Falling-input common-mode rejection ; 
V«(CM) [Vt, (@Vgp + 0.5 V) - Vrs. (@Vgp - 0.5 V)] See Notes 12, 13, and Figure 6 
mV 




















Input under test at Vsp +1 V, 
Other input at Vsp —- 1 V, 
See Notes 12 and 13 and Figure 6 


Rist = 330 Q, 
Input under test at Vsp — 1 V, 





I(RCVR) Receiver input current 









-15 15 
Both inputs at Vsp, a 
See Note 12 and Figure 6 a = 
300 700 
-300 -700 
Other input at Vsp + 1 V, 
EQ+ and EQ- biased at Vpp -3 V 


lIEQB Equalizer bias current RCV+ and RCV- at Vpp — 3 V, See Figure 6 1.3 1.7 


VEQW Equalizer wrap voltage WRAP = low, See Figure 6 130 0 | mv | 


NOTES: 12. Vspis the self-bias voltage of the input pair RCV+ and RCV-. It is defined as Vsp = (VSB4+VSB-) +2 (where Vsp, is the self-bias 
voltage of RCV+; Vsp - is the self-bias voltage of RCV-). The self-bias voltage of both pins is approximately Vpp= 2. 
13. Vicm is the common-mode voltage applied to RCV+ and RCV-. 


See Note 12 







ADVANCE INFORMATION 





phantom driver (PHOUTA and PHOUTB) 





| iOH=—1 mA 
VOH _ High-level output voltage 

iOH=—2mA 
los ___ Short-circuit output current Vo =0V 
OL Low-level output current Vo=Vpp 

lIOZH Off-state output current with high-level voltage applied Vo =Vpp — 100 100] pA 
lozL Off-state output current with low-level voltage applied Vo=0V ~- 100 100 





wire fault (WFLT) (see Notes 14 and 15) 
PARAMETER 
Ris Phantom load resistance detected as short circuit 


Rio Phantom load resistance detected as open circuit 





RiN Phantom load resistance dectected as normal 


NOTES: 14. The wire-fault circuit recognizes a fault condition for any phantom-drive load resistance to ground of greater than Rio or any load 
resistance less than Ris. Any resistance in the range specified for RLV is not recognized as a wire fault. A fault condition on either 
PHOUTA or PHOUTB results in the WFLT signal being asserted (low). 
15. Resistor (RLS, RLO, RLN) connected from output under test to ground, other output loaded with 4.1 Q to ground. 
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electrical characteristics over recommended ranges of ope voltage and operating free-air 
temperature (unless otherwise noted) (continued) 


PLL characteristics 


PARAMETER TEST CONDITIONS | MIN MAX| UNIT 
VFILT | Reference PLL operating filter voltage . 18 3.8 
crystal-oscillator characteristics 


PARAMETER TEST CONDITIONS 
VSBDcTI) Input celfbias votage in! 


V(XT2) = VSB(XT1) 
V(XT1) = VSB(XT1) + 0.5 V 
V(XT2) = VSB(XT1) 
V(xXT1) = VSB(XT1) — 0.5 V 


lOH(XT2) Output high-level current 





lOL(XT2) Output low-level current 


timing parameters 


The timing parameters for the signals of TI880C30 are shown in the following tables and are illustrated in the 
accompanying figures. The purpose of these figures and tables is to quantify the timing relationships among 
the various signals. The parameters are numbered for convenience. 


static signals 


The following table lists signals that are not allowed to change dynamically and therefore have no timing 
associated with them. They should be strapped high, low, or left unconnected as required. 






Host-processor select (Intel / Motorola) 


T For unit-in-place test 
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timing parameter symbology 


Some timing parameter symbols have been created in accordance with JEDEC Standard 100-A. In order to 
shorten the symbols, some of the signal names and other related terminology have been abbreviated as shown 


below: 
DR DRVR RS SRESET 
DRN DRVR VDD VppL. VDD 
OSC OSCIN 
SCK SBCLK 


Lower-case subscripts are defined as follows: 


Cc cycle time r rise time 

d delay time sk skew 

h hold time su setup time 

w pulse duration (width) © t transition time 


The following additional letters and phrases are defined as follows: 


H High Z High impedance 
L Low Falling edge §_No longer high 
V Valid Rising edge No longer low 
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PARAMETER MEASUREMENT INFORMATION 


Outputs are driven to a minimum high-logic level of 2.4 V and to a maximum low-logic level of 0.6 V. These levels 
are compatible with TTL devices. 


Output transition times are specified as follows: For a high-to-low transition on either an input or output signal, 
the level at which the signal is said to be no longer high is 2 V and the level at which the signal is said to be low 
is 0.8 V. For a low-to-high transition, the level at which the signal is said to be no longer low| is 0.8 V and the level 
at which the signal is said to be high is 2 V, as shown below. 


The rise and fall times are not specified but are assumed to be those of standard TTL devices, which are typically 


«1.5 ns. 
SS a a 2 thigh) 
_f.\. 0.8 V (low) 


test measurement 


The test-load circuit shown in Figure 6 represents the programmable load of the tester pin electronics that are 
used to verify timing parameters of TIS80C30 output signals. 


IOL 





(a) TTL-OUTPUT TEST LOAD (b) XMT+ and XMT- TEST LOAD 
eS Cs cn 

| o— — [} £EQ+ Cd 

| | 

VLOAD : VEQW 3300 | 

200 2 | | 
| Oo— — || EQ- | 

aaa eee 


(c) lref TEST CIRCUIT | (d) EQUALIZER TEST CIRCUIT 


Where: Io. = 2mA, dc-level verification (all outputs) 
IOH = 400 A (all outputs) 


VLOAD 1.5 V, typical dc-level verification or 
0.7 V, typical timing verification 


Cr = 65 pF, typical load-circuit capacitance 


Figure 6. Test and Load Circuits 
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power up, SBCLK, OSCIN, MBCLK1, MBCLK2, SYNCIN, and SRESET timing 


a Sd 
tr(VDD) Rise time, 1.2 V to minimum Vpp-high level i 
Tov [taqvonk-ScKy Delay ime, minimum Vp high eveltofrstvaldSBCLKnovongerhigh | ——~—SS—*'Y me 
[1027 [taqvppH-oscy) Delay ime, minimum Vpprtigh eveltofrstvaid OSCINFigh | _——S—SCS~wYC 
E 
13 










500 
500 
500 
6t | tyscK Transition time, SBCLK 2 
tc(OSC Cycle time, OSCIN (see Note 17) 1/OSCIN 


OSCIN = 64 MHz 
108 | twOSCH) Pulse duration, OSCIN high (see Note 18) OSCIN=48MHz{ 8 
ms 


103 
104 
105 
10 
07 


{ 


fosGIN=s2MHz | 8 
109 tw(OSCL) Pulse duration, OSCIN low (see Note 18) FOSCIN=48MHz] 8 ss 
OSGN=a2MHz| 8S 
70 










—_ 


ADVANCE INFORMATION 


ime as 
ms 

on, SRESET 

SRESET low Tus 


. 
. 
——— 
a . 
LCC T I 


118 14 

119 us 
28st | tsyRST Setup time, DMA size to SRESET high (Intel mode only) aes a 
th(RST Hold time, DMA size from SRESET high (Intel mode only) fF 100C—(i‘é‘*r Ons 
Pd tM One-eighth of a local-memory cycle a 


T This specification is provided as an aid to board design. It is not assured during manufacturing testing. 
+ If parameter 101 or 102 cannot be met, parameter 117 must be extended by the larger difference: real value of parameter 101 or 102 minus the 
max value listed. 
NOTES: 16. SBCLK can be any value between 2 MHz and 33 MHz. This data sheet describes the system interface (SIF) timing parameters for 
the cases of SBCLK at 25 MHz and 33 MHz. 
17. The value of OSCIN can be 64 MHz +1%, 32 MHz + 1%, or 48 MHz + 1%. If OSCIN is used to generate PXTALIN, the OSCIN 
tolerance must be +0.01%. 
18. This is to assure a + 5% duty-cycle crystal, provided that OSCIN meets the recommended operating conditions for Vjy and Vj,_. 
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Baie le~ 100 | 7 | 
a. . = Minimum Vpp-High Level 
| | |. 


VppD 


— | +» | 
< Ft eee |; 106 + l¢- ) 106 
| Ie 104 —> 105 | 


, AX Y ONY NX , ¥ ; 



















, oo. 107 —+¢——_-»>| | 
Leg | >| fe-108 ” l¢- 110 
; OXXXXKKKY Ve 
ia BESS ./! \ PIF EOL AE OT 2 








: —pl je 110 


| 
| 
| | pl l¢- 109 
OrOreCNe ee ~ [ 
ad REED) : | 
: | f¢§ $$ 111 ae | | 


OOOMeen 


me oe os 
aes ee 
| le 119 > 


SRESET RRM an \ V 
ne een 


NOTE A: Torepresent the information in one illustration, nonactual phase and timebase characteristics are shown. Refer to specified parameters 
for precise information. 


Figure 7. Timing for Power Up, System Clocks, SYNCIN, and SRESET 
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ty, is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). 






— 


Period of MBCLK1 and MBCLK2 


SJ 


— —_ —_ —_—s —_ 


Setup time, row address on MADLO—MADL7, MAXPH, and MAXPL before MBCLK1 no longer high 


Oo 


Setup time, address on MADHO—MADH7 before MBCLK1 no longer high 


ine) 


1 Setup time, MAL high before MBCLK1 no longer high 
Setup time, address on MAX0O, MAX2, and MROMEN before MBCLK1 no longer low 0.5tyy—-9 


Setup time, column address on MADLO-—MADL7, MAXPH, and MAXPL before MBCLK1 no 
i longer low 0.5ty—9 


3 

4 | Setup time, status on MADHO—MADH7 before MBCLK1 no longer low 0.5tyy—-9 | ons | 

20 | Setup time, NMI valid before MBCLK1 low | 30ts—i“‘(<‘iLCis 
0 | ns | 





121 | Hold time, NMI valid after MBCLK1 low = aie 
126 | Delay time, MBCLK1 no longer low to MRESET valid ae 
2 


9 


1 Hold time, column address/status after MBCLK1 no longer low 





Reference 4 Periods 8 Periods 12 Periods 16 Periods 20 Periods 
| | | | | | | | | | | 


| | | | | | | | | | | 

OSCIN 
(when CLKDIV=1) | | | | | | 
| | | | | | 


OSCIN. | | | | | | 
(when CLKDIV = 0) | | | | | | 


| | | | | | 
SCOUT i i a NS 
| | | | | | 








| | | | | | 
MBCLK1T PING ee 

| | | | | | 
MBCLK2T l | | | l | 


| | | | | | 
Tt MBCLK1 and MBCLK2 have no timing relationship to OSCOUT. MBCLK1 and MBCLK2 can start on any OSCIN rising edge, depending on when 
the memory cycle starts execution. 


Figure 8. Clock Waveforms After Clock Stabilization 
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‘wa (M1! M2'M3'M4'MS ‘-Me! M7: M8! M1 
1 t 


MBCLK1 


) | | i | | | | , | 
| 
| rot iel3 > | 
MBCLK2 | | | , ot hae 
| 





MAXPH, 
MADLO— MADL7 


10 —p| 
1p | : 
neds a tea | 
MAL 7 








ee l 


NUAUO UMW UIAUA ON 
SAD 


MRESET X Valid 


Figure 9. Memory-Bus Timing: Local- ‘Memory ponecee MROMEN, MBIAEN, NMI, MRESET, and 
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memory-bus timing: clocks, MRAS, MCAS, and MAL to ADDRESS 


tty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). 










Setup time, row address on MADLO—MADL7, MAXPH, and MAXPL before MRAS no longer 
15 high 1.5tyy — 11.5 


17 | Delay time, NRAS no onger high to MRAS no longerigh in the next memoryyele [ay ————«dY ns 
[18 | Puse duration MRASIOw SS SCS~*srSCSC Cd 
[19 | use duration, MRAStigh SSCS tym 


20 Setup time, column address (MADLO-—MADL7, MAXPH, and MAXPL) and _ status 
(MADHO—MADH7) before MCAS no longer high 

24 Hold time, column address (MADLO-—MADL7, MAXPH, and MAXPL) and_ status tha—5 
(MADHO—MADH7) after MCAS low M 

29 Hold time, column address (MADLO-—MADL7, MAXPH, and MAXPL) and status 2 5tha—6.5 
(MADHO-MADH7) after MRAS no longer high aN 


[a3 | Puse duration MORSIow SSCS yd 
[24 | Pulse duration, MCAS high, reresh cle folows read orwiteoyde———SSCS~dCSC id 
[25 | Hold time, row address on MAXLO-MAXL7, MAXPH, and MAXPL afer WaLiow | _tsiq-@—~| ne 
[26 | Setup time, row address on MAXLO-MAXL7, MAXPH, and MAXPL beloreMALnolongertigh | __ty-9 | ns 
[ar | Pulse duration, MALhigh Std 
[28 | Setup ime, adaress/ enable on MAXO, MAX2, and NROMEN before MAL nolongerhigh | ty-@-| ns 
[20 | Hold time, aderess enable of MAXO, MAX2, and MROMEN ater WALiow | 1-9 —+| ns 
[30 | Setup time, adaress on MADHO-MADHT before MAL nolongertigh ——SC~d tid 
Tat | Hold time, aderess on MADHO-MADH7 aferWALIow ————SSSCS~wSCty is 
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AER SS RSS NC ST 
MAXPL eM Soot, Soaeensnem, Row )X Column 
wibee WAL | 
| ie | gpl 26 


17 
re Ha le se 


le) H- 29 | | a 
MAXO, 
MROMEN 
wie | i 
| | . 31 
| | ¢—P}— 20 | | 










MADHO—-MADH7 — 


+ 22 > 
Figure 10. Memory-Bus Timing: Clocks, MRAS, MCAS, and MAL to ADDRESS 
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memory-bus timing: read cycle 


ty, is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). 


Access time, address/ enable valid on MAX0, MAX2, and MROMEN to valid data/parity 6tyy - 23 


Access time, address valid on MAXPH, MAXPL, MADHO—MADH7, and MADLO-MADL7 to 
valid data/parity 6tyy—-23 


Access time, MRAS low to valid data/parity en 4.5ty—21.5 
Hold time, valid data/parity after MRAS no longer low ee ae, 


Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO-—MADH7 and 2ty—10.5 
MADLO-—MADL7 after MRAS high (see Note 19) M~'¥: 









32 
33 
35 
36 









“J 
—+ 


Access time, MCAS low to valid data/parity 3tyy—-23 
Hold time, valid data/parity after MCAS no longer low ae area 


Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO—MADH/7, and 


38 
39 





407 | MADLO-MADL7 after MCAS high (see Note 19) 2tm-t3 


41 Delay time, MCAS no longer high to MOE low ty+13 


Setup time, address / status in the high-impedance state on MAXPH, MAXPL, | oe 





f 
nN 
+ 





MADLO—MADL7, and MADHO-MADH7 before MOE no longer high 


Cc 
= 
= 
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[46 | Hold time, vail data/party in after MOE nolongeriow SSCS 
a7t Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO—MADH7, and oty—15 
| MADLO—MADL7 after MOE high (see Note 19) 
agt Setup time, address / status in the high-impedance state on MAXPH, MAXPL, 


MADLO—MADL7, and MADHO—MADH/7, before MBEN no longer high 


Setup time, address / status in the high-impedance state on MAXPH, MAXPL | 
MADLO-—MADL7, and MADHO—MADH7 and before MBIAEN no longer high 


Access time, MBEN low to valid data/ parity 2ty-25 








a NS 


48at “es 
49 ime, 

49a __| Access time, MBIAEN low to valid data/parity 2tw—-25 
50 _| Pulse duration, MBEN low 
50a Pulse duration, MBIAEN low 
51 , Vali 

5at 





5ia Hold time, valid data/parity after MBIAEN no longer low 2 eee 
Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO—-MADH/7, and ota) —15 
MADLO—MADL7 after MBEN high (see Note 19) M 

Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO-—MADH/7, and. ota —15 

MADLO-MADL7 after MBIAEN high M 

53 Hold time, MDDIR high after MBEN high, read follows write cycle 1.5tyy—-12 

54 | Setup time, MDDIR low before MBEN no longer high 

55 Hold time, MDDIR low after MBEN high, write follows read cycle 3ty-12 


t This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
NOTE 19: The data/parity that exists on the address lines will most likely reach the high-impedance state sometime later than the.rising edge 
of MRAS, MCAS, MOE, or MBEN (between MIN and MAX of timing parameter 36) and will be a function of the memory being read. 


The MIN time given represents the time from the rising edge of MRAS, MCAS, MOE, or MBEN to the beginning of the next address, 
and does not represent the actual high-impedance period on the address bus. 


52at 





Hold time, valid data/parity after MBEN no longer low . 0 
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MAXO, a 
i i 
_ MROMEN . _— 


Be ee et | 92 Data/Parity 
MAXPH, MAXPL, 
MADLO-MADL7 








Figure 11. Memory-Bus Timing: Read Cycle 
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memory-bus timing: write cycle 


ty, is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). 


Setup time, MW low before MRAS no longer low tM 
| 60 Setup time, MW low before MCAS no longer low 1.5tyj—6.5 

Setup time, valid data/parity before MW no longer high | 

on 





ei 

[Puise duration MWiow SCS 

67 [Hod time, MAS ow toMWrnoiongeriow ————SSSSSCS~dCSC* yd 
[29 [Hola time, MCAS low to MW noiongerlow SSCS ytd 
[70 [Setup time, MBEN low before MWno lngerhigh —SSSCS~*d ts 
[71 [Hold time, WEEN ow ater Wrigh SSS ty 
[72 | Setup time, MDDIR high before MBENnolongertigh SSCS 










Hold time, MDDIR high after MBEN high 1.5tyy—12 | ons | 
MAXO 
: Address/ 
= — 
MROMEN 


MAXPH, MAXPL, 
MADHO-MADH7, —— Address ADD/STS Data/ Parity Out -3 ——— eee oe 
MADLO-—MADL7 


+ 70 > 71 le 
MEEN / \ V | 
| | 

\¢— 72 —> 73 —1¢—> 


MDDIR Y | K 


Figure 12. Memory-Bus Timing: Write Cycle 
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memory-bus timing: DRAM-refresh timing 


tu is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). : . } 













[Two [TT] 
sy |e 
[16 [Hold time, row aderess on MADLO-MADLT, MAXPH, and MAXPL ater MRAS nolongerhignh | _ty=65 [ns 
Tie [PuseauatonMRASIOw—SSSS*dCi BCS 

78a 


73a | Setup time, MCAS low before MRAS no longer high _ 1.5ty-11.5 | ons | 
| _73b | Hold time, MCAS low after MRAS low 4.5tq— 6.5 | ons | 






73c | Setup time MREF high before MCAS no longer high 
Hold time, MREF high after MCAS high a | tiM-9 





~ MADLO-MADL7 ——— metres C.D Address 


| 1644-4 
+ 15 aa | l¢——— 19 —___ >» 
eet ees a — 
MRAS \ \7 A 
| 
le»! | | 
= | k¢—————— 73b —______-| 
MCAS \ V | 
| | 
k¢—pl— 73¢ kd——_bl— 73d 


Figure 13. Memory-Bus Timing: DRAM-Refresh Cycle 


XMATCH and XFAIL timing 


tyy is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum for a 4-MHz local bus or 
20.83 ns minimum for a 6-MHz local bus). 


NON ax] UNIT 
Delay time, status bit 7 high to XMATCH and XFAIL recognized | 7m | ons | 
Pulse duration, XMATCH or XFAIL high | 50 | ons | 


mane >) KKK 


e407 > ke- 128 —p| 
XMATCH, | 
XFAIL | 


Figure 14. XMATCH and XFAIL Timing 
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token ring: ring-interface timing 


a 2 


| 4 Mbps as ae 
153 | Period of RCLK (see Note 20) 
16 Mbps 31.25 
: 4 Mbps nominal: 62.5 ns 
154L | Pulse duration, RCLK low ; — 
16 Mbps nominal: 15.625 ns 
; ; 4 Mbps nominal: 62.5 ns 
154H | Pulse duration, RCLK high 
16 Mbps nominal: 15.625 ns 


IN | 
125 
15 
Setup time, RCVR valid before rising edge (1.8 V) of RCLK at 16 Mbps 10 
40 
40 
125 















4 Mbps 
158L | Pulse duration, ring-baud clock low 
16 Mbps 


16 Mbps 


165 | Period of OSCOUT and PXTALIN (see Note 20 
[195 |Peiedot SCOUT ansPXTALN eeNet2) 16 Mbps (for PXTALIN only) 31.25 ons | 


all Tolerance of PXTALIN input frequency (see Note 20) ae eae % 


NOTE 20: This parameter is not tested but is required by the IEEE 802.5 specification. 


158H | Pulse duration, ring-baud clock high 


pons 
Estee 
ik ean eA 
es 
ee ie 
pes 
oe ee ee 
Hold time, RCVR valid after rising edge (1.8 V) of RCLK at 16 Mbps Pe ae 
ie ey 2S 
i Saas 
ee ce 
8s 
a ee 
Kee as 





Ngee es 4B) 
: io 154H =e 


| 
Kt 154 
. "le 156 —p 


e— 155 —p| | 
XXX XXX”, ¢ valid f 4K XX XXX X x) 
pe XXXKXXXY = XXXKXXXXY 
158H —¢——> 
| k¢——+- 158L 
OSCOUT, J \ _f \ fee fo 1.5V 
PXTALIN | | 
| | 
l¢——. 165 ——> 


Figure 15. Ring-Interface Timing 
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token ring: transmitter timing 


Delay time, DRVR rising edge (1.8 V) to DRVR falling edge (1 V) or DRVR falling edge 40 
(1 V) to DRVR rising edge (1.8 V) 
ta(DR)HT Delay time, RCLK (or PXTALIN) falling edge (1 V) to DRVR rising edge (1.8 V) See Note21 | ns | 


taDR)Lt Delay time, RCLK (or PXTALIN) falling edge (1 V) to DRVR falling edge (1 V) | SeeNote21 | ns | 


td(DRN)Ht __ Delay time, RCLK (or PXTALIN) falling edge (1 V) to DRVR falling edge (1 V) See Note21 | ns | 


tDRN)Lt Delay time, RCLK (or PXTALIN) falling edge (1 V) to DRVR rising edge (1.8 V) | SeeNote21 | ns | 


seq | ORVR/DRVR ture + taoRMH — taoRyH + taoRNL +1.5 
asymmetry | 2 oa 2 a 


t When in active-monitor mode, the clock source is PXTALIN; otherwise, the clock-source is either RCLK or PXTALIN. 
NOTE 21: This parameter is not tested to a minimum or a maximum but is measured and used as a component required for parameter 164. 





2.6V 
RCLK or PXTALIN ee Ae, ee 15V 
0.6V 


| 2.4V 
DRVR ! 15V 
¢—_§_pl— 160 | | oee 
| | <—_>- 161 
| pl le 159 | —pl le 159 
| | | 2.4V 
DRVR | l 15V 
| ! ! 0.6V 
aie = 163 


Figure 16. Skew and Asymmetry From RCLK or PXTALIN to DRVR and DRVR 
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25-MHz OPERATION 


80x8x DIO read-cycle timing 
a 
Pp MIN MAX 


Delay time, SRDY low to either SCS or SRD high 15 = =a 





Hold time, SAD in the high-impedance state after SRD low 

(see Note 22) 

Setup time, SADHO-SADH7, SADLO-SADL7, SPH, and 0 
SPL valid before SRDY low 

Delay time, SRD or SCS high to SAD in the high-impedance 35 
state (see Note 22) 

Hold time, output data valid after SRD or SCS high 

(see Note 22) 


Setup time, SRSX, SRSO-SRS2, SCS, and SBHE valid to 
SRAS no longer high (see Note 23) 


265 Hold time, SRSX, SRSO—SRS2, SCS, and SBHE valid after 
SRAS low 


’ i ’ ’ 10 
266a Setup time, SRAS high to SRD no longer high (see Note 23) 15 
i 15 


o67t Setup time, SRSX, SRSO—SRS2 valid before SRD no longer 
high (see Note 22) 


Hold time, SRSX, SRSO—SRS2 valid after SRD no longer low 
(see Note 23) 


0728 Setup time, SRD, SWR, and SIACK high from previous cycle t | 
to SRD no longer high c(SCK) SCK 


273a | Hold time, SRD, SWR, and SIACK high after SRD high te(SCK to(SCK 


O75 Delay time, SRD and SWR, or SCS high to SRDY high . 25 
(see Note 22) 
Delay time, SRD and SWR, high to SRDY in the 
27st high-impedance state 'c(SCk) SCK) 


282a_ ‘| Delay time, SDBEN low to SRDY low in a read cycle 0 to(SCK) /2 + 4 te(SCK) /2 +4 


Delay time, SRD low to SDBEN low (see 7MS380 Second 
te(SCK) +3 0 te(SCk) +3 


Generation Token-Ring User’s Guide, SP\WU005, subsection 

3.4.1.1.1), provided previous cycle completed 
283R_ ‘| Delay time, SRD high to SDBEN high (see Note 22) 0 te(SCK) /2 + 4 0 te(SCK) /2 +4 
286 Pulse duration, SRD high between DIO accesses t 

(see Note 22) c(SCK) tc(SCK) 


t This specification is provided as an aid to board design. It is not assured during manufacturing testing. 
t It is the later of SRD and SWR or SCS low that indicates the start of the cycle. 
NOTES: 22. The inactive chip select is SIACK in DIO-read and DlO-write cycles, and SCS is the inactive chip select in interrupt-acknowledge 
cycles. 
23. In80x8x mode, SRAS canbe used to strobe the values of SBHE, SRSX, SRSO — SRS2, and SCS. When used to do so, SRAS must 
meet parameter 266a, and SBHE, SRSO—SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 


2 
2 
2 


Pulse duration, SRAS high on 







no 
ro) 
—, 
—+ 


55 
59t 
60 
61a 


Ww 
© 


N Nh 
oO 


67 
268 






1 
3 
3 
1 
1 
1 
to( 











5 Ps 
0 

35 
0 
0 
5 
5 

) 

0 25 
0 to( 
0 





oO 


282R 
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SCS, SRSX, , , 
SRSO-SRS2, Valid Valid t 
SBHE 


| 








<> | 
——= High 2 ck cesarean isaracoreres. Lae 

SDDIR | a ! i ) 

| ; 283R —j¢—p) | : 
SDBEN ! \ \ ! | ] | | 

| 
| 

! t—p|— 282a | 276 " J | , 

! 260 —p! +—>r 261 | 

a 


| | 
SADHO-SADH7, 259 —pI let 261a 


SPH, SPL§ "eR Output Data Valid 


Tt In 80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO-SRS2, and SCS. When used to do so, SRAS must meet 





_ parameter 266a; SBHE, SRSO-—SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a and 264 are irrelevant 


and parameter 268 must be met. 

+ When the TMS380C25 begins to drive SDBEN inactive, it has already latched the write data internally. Parameter 263 must be met to the input 
of the data buffers. 

§ In 8-bit 80x8x mode DIO reads, the SADHO-SADH7 contain don’t-care data. 


Figure 17. 80x8x DIO Read-Cycle Timing 
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80x8x DIO write-cycle timing 


| 255 | Delay time, SRDY low to either SCS or SWR high 15 
| 256 | Pulse duration, SRAS high 


Setup time, SADHO—SADH7, SADLO-—SADL7, SPH, and SPL 
valid before SCS or SWR no longer low 

Hold time, SADHO—SADH7, SADLO-SADL7, SPH, and SPL 
valid after SCS or SWR high 









33-MHz OPERATION 






oi— 
o;Tn 


; ; 
Cc 
= 
+ 


ADVANCE INFORMATION 


_ 
On 


Hold time, SRSX, SRSO—SRS2, SCS, and SBHE after SRAS 
low 


Setup time, SRSX, SRSO-—SRS2 before SWR no longer high 
(see Note 22) 
> Hold time, SRSX, SRSO—SRS2 valid after SWR no longer low 
(see Note 23) 
Setup time, SRD, SWR, and SIACK high from previous cycle to 
2728 | SWRno longer high te(SCK te(SCK) 


273a_ | Hold time, SRD, SWR, and SIACK high after SWR high te(SCK te(SCK 


Delay time, SRDY low in the first DIO access to the SIF register 
to SRDY low in the immediately following access to the SIF 

(see TMS380 Second-Generation Token-Ring User’s Guide, 
SPWU005, subsection 3.4.1.1.1) 


263 
264 
265 

68 


Setup time, SRSX, SRSO—SRS2, SCS, and SBHE to SRAS no 
longer high (see Note 23) 





; 
oO 


15 
15 
30 
10 
15 
15 

) 


266a_ | Setup time, SRAS high to SWR no longer high (see Note 22) 


’ 
y 
. 






276+ 


no 
oO) 
N 
+ 


275 Delay time, SWR or SCS high to SRDY high (see Note 22) 0 
2798 | Delay time, SWR high to SRDY in the high-impedance state 0 te(SCK 0 
28 Delay time, SWR low to SDDIR low (see Note 22) . 0 te(SCK)/2+4 0 to(SCK) /2 +4 


If SIF register is | 
Delay time, SDBEN low to SRDY low (see | ready (no waiting 0 = tgscK)/2+4 0  tgsck)/2+4 
280b | TMS380 Second Generation Token-Ring | Tequired) | ss 
4000 0 4000 


za een 
2830 i Reales 
286 _ | Pulse duration, SWR high between DIO accesses (see Note 22) | te(ScK 
T It is the later of SRD and SWR or SCS low that indicates the start of the cycle. 


+ This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
§ This specification is provided as an aid to board design. It is not assured during manufacturing testing. 
NOTES: 22. The inactive chip select is SIACK in DIO-read and D!O-write cycles; SCS is the inactive chip select in interrupt-acknowledge cycles. 
23. In80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO—SRS2, and SCS. When used to do so, SRAS must 
meet parameter 266a; SBHE, SRSO—SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a and 
264 are irrelevant and parameter 268 must be met. 


& 
i=) 
Oo 
© 
aS 
© 
OQ 
(o>) 


NO 
oi 
| 
N 
or 


ns 


a” 
o 
© 
A 


User’s Guide, SPWUO005, subsection | If SIF register is 


3.4.1.1.1) not ready (waiting 
required) 
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_ §CS,sRSx, —~\ 
SBHE , 
| : | 
fe is le 265 le-pi-_ 268 
SRAS lV. | . | 
1 ie 256 | . : — 
| , ‘ | F 
SIACK ys | Kt-Pi— _ 266a | | 6 x 


i¢—_p|— 2720 | +—____ 286 ee 
SRD / | ao : a 273a meaner 4 
le—>- 280 | | | 
| 
SDDIR Nf 
282W ———+ 283W ad 
SDBENt ; || 
ee ete 278——-————> | l¢— 270 —» 
ee 275 
vo oe es 
Hi-Z ke-— 255 + | Hi-Z 
| | [r- 263 
| 


SADHO-SADH/7, | 
SPH, SPLF 
tT When the TMS380C25 begins to drive SDBEN inactive, it has already latched the write data internally. Parameter 263 must be met to the input 


of the data buffers. 
+ In 8-bit 80x8x-mode DIO writes, the value placed on SADHO-SADH/7 is a don’t care. 


Figure 18. 80x8x DIO Write-Cycle Timing | 
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25-MHz 33-MHz 
OPERATION OPERATION UNIT 
| 286 Pulse duration, SIACK high between DIO accesses (see Note 22) to(SCK | ons. | 


Pulse duration, SIACK low on first pulse of two pulses to(SCK htyscky) —s«|ssons_ 


NOTE 22: The inactive chip select is SIACK in DIO-read and DIO-write cycles, and SCS is the inactive chip select in interrupt-acknowledge cycles. 


SRD, SWR, 
SC 


80x8x interrupt-acknowledge-cycle timing: first SIACK pulse 






niz 


Figure 19. 80x8x Interrupt-Acknowledge-Cycle Timing: First SIACK Pulse 


80x8x interrupt-acknowledge-cycle timing: second SIACK pulse 


25-MHz OPERATION 33-MHz OPERATION 
Delay tne, SADY low to SCS high Eee oe 


Hold time, SAD in the high-impedance state after SIACK low 0 
(see Note 22) 


Setup time, output data valid before SRDY low a Tae Oe eee eee n 


6 prs 
Delay time, SIACK high to SAD in the high-impedance state 35 35 
(see Note 22) 

261a | Hold time, output data valid after SIACK high (seeNote22) | oF | oOo | | ns | 
272a_ | Setup time, inactive data strobe high to SIACK no longer high lt(sck) —==—sss—sid tc) (twti‘é élédrSCCisCd 
273a__| Hold time, inactive data strobe high after SIACK high ltyscky) —=s—i“as—siéd tscky ot ( wt*~<‘séidl;CisCid 
275 [Delay ime, SIACK high to SADY high seeNote22) «| 0 SSCtHSCESCSS~«SSC*dSCs 

Delay time, SRDY low in the first DIO access to the SIF register 

276+ to SRDY low in the immediately following access to the SIF net "Oe ies 
279T | Delay time, SIACK high to SRDY in the high-impedance state 


5 aa 

2i2a [Delay tine, SDBEN ow to SAOVlowinareadoycle [0 twwcug/2 74] 0 Terao /2+4 | ns 
Delay time, SIACK low to SDBEN low (see TMS380 Second 

0 te(SCk) +3 


Generation Token-Ring User’s Guide, SPWU005, subsection 
3.4.1.1.1), provided previous cycle completed 
283R _| Delay time, SIACK high to SDBEN high (see Note 22) 0  tyscK)/2+4 0 tescK)/2+4 
t This specification is provided as an aid to board design. It is not assured during manufacturing. 
+t This specification has been characterized to meet stated value. It is not assured during manufacturing. 
NOTE 22: The inactive chip select is SIACK in DIO-read and DlO-write cycles; SCS is the inactive chip select in interrupt-acknowledge cycles. 










UNIT 





NO N 
oO on 
kh co 
+ + 





ADVANCE INFORMATION 








S 
ns 
282R 0 te(SCK) + 3 S 
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REE rag TG NN RO a eT a Ea LE OI PED NR REE 
| Petts serie Only SCS needs to be inactive. YU | 
SBHE All others are don’t care. | 














SWR 
SAD 
SDDIR __——Hiigh | | 
¢—— 282 ———_p ‘ oe 7 
| | 283R —— > 
| 
SDBEN ! : | 
| 
ee - 276 i perce pr. 275 . | 
a © Kt{—pi— 282 | 
SRDYt HI-Z je — 255 —=—s Hi-Z 
| 
259 =a 260 > si 
| leo 261a 





SADHO—-SADH/7, : |. 

SADLO-—SADL7, Hi-Z OR Output Data Valid ee 
SPH, SPL¥ | 

NOTES: A. SRDY is an active-low bus ready signal. It must be asserted before data output. | 


-B. In 8-bit 80x8x-mode DIO writes, the value placed on SADHO-—SADH7 is a don't care. 
Figure 20. 80x8x Interrupt-Acknowledge-Cycle Timing: Second SIACK Pulse 
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80x8x-mode bus-arbitration timing, SIF takes control 


25-MHz 33-MHz 
OPERATION OPERATION 


Setup time, asynchronous signal SBBSY and SHLDA before SBCLK no po 


10 

10 
20 

0 15 
15 
25 









208a longer high to assure recognition on that cycle 
208b Hold time, asynchronous signal SBBSY and SHLDA after SBCLK low to 
assure recognition on that cycle 
Delay time, SBCLK low to SADHO—SADH7, SADLO-SADL7, SPH, and 
212 
SPL valid 
30 i 
41 


224a__—| Delay time, SBCLK low in cycle I2 to SOWN low 







23 


224c Delay time, SBCLK low in cycle |2 to SDDIR low in DMA read 


Delay time, SBCLK high to SHRQ high 
Hold time, SRD and SWR in the high-impedance state after SOWN low 
bus acquisition 


Delaytime, SBCLK highin TXcycletoSRDandSWRhigh,busacquisiion| == =  25{ 25 


2 
2 





241at 


te(SCK)—15 


t This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
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vol-v 


€ryl-lSGZZZ SVX3L‘NOLSNOH efrri XO 30IsAO LSOd 


SINAWNNULSN 


é 


: 






SIF Inputs: 


SBCLK 


SBBSY, 
SHLDA 


SIF Outputs: 
SHRQ 


SADHO-SADH/7, 
SADLO-—SADL7, 
SPH, SPL 


SDDIR 


SOWNT 


NOILVINYOANI ADNVAGV 


User Master Bus Exchange SIF Master 
(T4) i] ‘ 





t While the system interface DMA controls are active (i.e., SOWN is asserted), the SCS input is disabled. 


Figure 21. 80x8x-Mode Bus-Arbitration Timing, SIF Takes Control 
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80x8x-mode DMA read-cycle timing 


Setup time, SADLO-SADL7, SADHO-—SADH/7, 
SPH, and SPL valid before SBCLK in T3 cycle no 
longer high 
Hold time, SADLO—SADL7, SADHO—SADH7, SPH, 


and SPL valid after SBCLK low in T4 cycle if 
parameters 207a and 207b not met 


207 Hold time, SADLO—-SADL7, SADHO-—SADH/7, SPH, 
@ | and SPL valid after SRD high 
207b Hold time, SADLO—SADL7, SADHO-SADH7, SPH, 
and SPL valid after SDBEN no longer low 


Setup time, asynchronous signal SRDY before 
SBCLK no longer high to assure recognition on this 
cycle 


208b Hold time, asynchronous signal SRDY after SBCLK 
low to assure recognition on this cycle 
212 Delay time, SBCLK low to address valid 


Delay time, SBCLK low in 11 cycle to 
214T | SADHO—SADH7, SADLO-SADL7, SPH, and SPL in 
the high-impedance state 


10 
10 
10 
10 
20 
216 Delay time, SBCLK high to SALE or SXAL high 20 
— 16 
16 
0 15 
10 
16 


33-MHz OPERATION 














205 










206 











208a 





1 
1 
1 
1 


—_h 
ao 





Cc 
= 
= 


216a_| Hold time, SALE or SXAL low after SRD high ae 
917 Delay time, SBCLK high to SXAL low in the TX cycle 
or SALE low in the T1 cycle 
18 Hold time, SADHO-—SADH7, SADLO-SADL7, SPH, ' 15 t 2-4 
and SPL valid after SALE or SXAL low w(SCKH) c(SCK) 
Delay time, SBCLK low in T4 cycle to SRD high 0 
(see Note 24) 


225R_ ‘| Delay time, SBCLK low in T4 cycle to SDBEN high 


Delay time, SADHO-SADH7, SADLO-SADL/7, 
SPH, and SPL in the high-impedance state to SRD 
low 


227R |Delaytime,SBCLKlowinT2cycletoSRDlow | O 15 | 


Hold time, SADHO—SADH7, SADLO—SADL7, SPH, 
low in T1 cycle 


2 tw(SCKH)-15 te(SCK)/2 -4 


0 
0 
0 
0 
0 


—_ 
—s 


— 
—a 






226T 






0 


—_ 
ao 





229T 









NO 
NO 
re) 


and SPL in the high-impedance state after SBCLK 
231 Pulse duration, SRD low 2te(SCK)—25 2te(SCK)—25 
Setup time, SADHO-SADH7, SADLO-SADL/7, | 
SPH, and SPL valid before SALE, SXAL no longer 


high 


237R_ | Delay time, SBCLK high in the T2 cyle to SDBEN low 


Setup time, data valid before SRDY low if parameter 
247 
208a not met 


tT This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
NOTE 24: While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. 








233 10 





—_ 
—_ 











wy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 : 4-125 


ADVANCE INFORMATION 


921-V 


SPPI-1SZZZ SVXAL‘NOLSNOH efi XOB JOI44O LSOd 
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t t 4 t TWAIT t t 
T4 TX T1 T2 V T3 T4 T1 
SeCrN f | | : | : : ' ' 
' | ' | ’ ' | ' 1 ’ ’ 
| | | ar | | | 
SRAS ! >_> — SS 
| ! | Klee ip ae I | | | 
SBHE ET KOKI KIKI KH HR IHR AA . OXKKK KKK 
PrN MreMrelleltet’, a RR 
SWR 
SRDFt l | 
| | | | 
| | | 
| ! 2 2 oe ! oe | 
SXAL | | Ni [> be 296 | | | 
| 216 tem | | | | | I | | | 
| a 4 | Il | l | 7 l 
| ltt | ik.) ! || f >i 216a | 
SALE | | | ee sist | | | | 
| +—>- 212 | | 
| | . 
>| 
SADHO-SADH7, 
SADLO-SADL7, 
SPH, SPL § 
Address 218 —+<—> : | ! 4 a 
| rl — 208a | 207b 
| l ! 


SRDY | | aa | | 


SOBENT. “oo 80s ° cee ee ee | | ——— 


SDDIR Low 


T In 8-bit 80x8x mode, SBHE/SRNW is a don’t care input during DIO and an inactive (high) output during DMA. 

+ Motorola-style bus slaves hold SDTACK active until the bus master deasserts SAS. 

§ In 8-bit 80x8x mode, the most significant byte of the address is maintained on SADH for T2, T3, and T4. The address is maintained according to parameter 221; i.e., held after T4 
high. 

{I If parameter 208A is not met, then valid data must be present before SRDY goes low. 


Figure 22. 80x8x-Mode DMA Read-Cycle Timing 
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80x8x-mode DMA write-cycle timing 


208a 




















Setup time, asynchronous signal SRDY before 


25-MHz OPERATION 33-MHz OPERATION UNIT 
SBCLK no longer high to assure recognition on that 


10 10 ns 
cycle 
208b Hold time, asynchronous signal SRDY after SBCLK 40 10 
low to assure recognition on that cycle 
040 Delay time, SBCLK low to SADHO-—SADH/, 20 20 
SADLO-SADL7, SPH, and SPL valid 
Delay time, SBCLK high to SALE or SXAL high 20 20 
Holdtime, SALE or SXALlowaferSwAnigh [0 ———s«i| iO SSSCSC~dC 


Delay time, SBCLK high to SXAL low in the TX cycle 0 25 0 25 
or SALE low in the T1 cycle 
a 





Hold time, address valid after SALE, SXAL low tw(SCKH)—15 tetSCK) /2-4 | twWSCKH)—-15 te(SCK)/2—-4 


Delay time, SBCLK low in T2 cycle to output data and 99 59 

parity valid 
Hold time, SADHO—SADH7, SADLO-—SADL7, SPH 40 40 
and SPL valid after SWR high 'e(SCK) c(SCK 


Zs 
223 [Delay ime, SECLKTowtoSWARgh «dit Cd 
pe 
pe 
a 





1 
1 
1 


7 
8 
9 
1 


2 
2 
2 
22 





ime, SWR hi 0 11 
225W _| Delay time, SBGLK high in T4 cycle to SDBEN high 
Hold time, SDBEN low after SWR, SUDS, and SLDS 
227 _| Delay time, SBCLK low in T2 cycle to SWR low 
533 Setup time, SADHO—SADH7, SADLO—SADL7, SPH, 10 10 
and SPL valid before SALE, SXAL no longer high ue 
16 


Delay ime, SBCLK HighinTt cycieto SOBENIw | SCY 


237W 
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S B H E t KXKXKKKXKKKKXKKKKKKKKKKKKKKKKKKKK KK KS (XX KKK KX 
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” 
oO 


SWR 


SXAL 


SALE 


SADLO- 
SADH7, 
SADHO- 
SADL7, 
SPH, SPL¥ 


SRDY 





SDBEN 





High 


SDDIR 


T in 8-bit 80x8x mode, SBHE/SRNW is a don’t care input during DIO and an inactive (high) output during DMA. 
+ In 8-bit 80x8x mode, the most significant byte of the address is maintained on SADH for T2, T3, and T4. The address is maintained according to parameter 221; i.e., held after 
T4 high. 


Figure 23. 80x8x-Mode DMA Write-Cycle Timing 
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80x8x-mode bus-arbitration timing, SIF returns control 


soot Delay time, SBCLK low in I1 cycle to SADHO—SADH7, SADLO-—SADL7, SPL, SPH, 35 35 
SRD, and SWR in the high-impedance state 


223bT | Delay time, SBCLK low in |1 cycle to SBHE in the high-impedance state 


Delay time, SBCLK low in cycle 12 to SDDIR high 


Delay time, SBCLK high in cycle |1 to SHRQ low 
Setup time, SRD, SWR, and SBHE in the high-impedance state before SOWN no longer 


| 224b | Delay time, SBCLK low in cycle 12 to SOWN high 


low 





SIF Master 


T3 T4 1 


| 
SHLDA | | | nN 


| 

SIF Outputs: | 230 le >| | 

SHRQT ee aN | | | 
220 











RD, SWR Hi-Z 

SBHE Hi-Z 
SADHO—SADH/7, 

SADLO-SADL7, Hi-Z 





SPH, SPL 
224d —el»i 


Write ! 
SDDIR 
Read 
224b 
SOWN# | 


T In 80x8x mode, the system interface deasserts SHRQ on the rising edge of SBCLK following the T4 state of the last system bus transfer it 
controls. In 68xxx mode, the system interface deasserts SBRQ on the rising edge of SBCLK in state T2 of the first system bus-transfer it controls. 
+ While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. 


Figure 24. 80x8x-Mode Bus-Arbitration Timing, SIF Returns Control 
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80x8x-mode bus-release timing 


25-MHz 33-MHz 
ils oe UNIT 


| 208a | Sue time, asynchronous input SBRLS low before SBCLK no longer high to assure 
ee 


208b | Hold time, asynchronous input SBRLS low after SBCLK low to assure fesooniien ae RE Ee 
Hold ime, SRLS low after SOWN high a eS a 





| TWor2) T3 ; T4 4 T1 T2 E 


208a | 
SBRLSt meaner i le—>— 206b — 


SOWN | | / | | 
) le— 208¢ —> 


tT The system interface ignores the assertion of SBRLS if it does not own the system bus. If it does own the bus, when it detects the assertion 
of SBRLS, it completes any internally started DMA cycle and eon control of the bus. If no DDMA transfer has started internally, the system 
interface releases the bus before starting another. 





Figure 25. 80x8x-Mode Bus-Release Timing 
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68xxx DIO read-cycle timing 


Delay time, SDTACK low toeitherSCS,SUDS, orSLDShigh | 15 | 





255 





Hold time, SAD in the high-impedance state after SUDS or SLDS 
low (see Note 22) 


Setup time, SADHO-SADH7, SADLO-—SADL7, SPH, and SPL 





259T 


valid before SDTACK low 


Delay time, SCS, SUDS, or SLDS high to SADHO-SADH7, 
SADLO-—SADL7, SPH, and SPL in the high-impedance state 
(see Note 22) 


61a Hold time, output data valid after SUDS or SLDS no longer low 
(see Note 22) 


260 






5 


261t 









high (see Note 22) 


1 1 
267 Setup time, register address before SUDS or SLDS no longer 1 1 
268 Hold time, register address valid after SUDS or SLDS no longer 
low (see Note 23 
1 1 


tco(SCK 


5 5 
35 3 
5 5 
) ; 
Setup time, SRNW before SUDS or SLDS no longer high 
272 2 2 
(see Note 22) 
273 Hold time, SRNW after SUDS or SLDS high 
273a_—_| Hold time, SIACK high after SUDS or SLDS high to(SCK ) 
Delay time, SCS, SUDS, or SLDS high to SDTACK high 
ene (see Note 22) ; : = : = 
Delay time, SDTACK low in the first DIO access to the SIF register 
276+ to SDTACK low in the immediately following access to the SIF ane 2000 Et 
Delay time, SUDS or SLDS high to SDTACK in the 0 0 ' 
high-impedance state te(SCk) c(SCK 
; 0 | 0 
0 
; 


Delay time, SUDS or SLDS low to SDBEN low (see 7TMS380 





282a_ | Delay time, SDBEN low to SDTACK low to(SCK)/2 + 4 te(SCK)/2 + 4 
Second Generation Token-Ring User’s Guide, SPWU005, 


(SCK) 
te(SCkK) + 3 0 te(SCK)+ 3 
subsection 3.4.1.1.1), provided the previous cycle completed | 
0 


283R_ | Delay time, SUDS or SLDS high to SDBEN high (see Note 22) to(SCkK)/2 + 4 to(SCK)/2 + 4 n 
(see Note 22) 


286 te(SCK) te(SCK) 
t This specification is provided as an aid to board design. It is not assured during manufacturing testing. 


+ This specification has been characterized to meet stated value. It is not assured during manufacturing testing. | 
NOTES: 22. The inactive chip select is SIACK in DIO-read and DlO-write cycles, and SCS is the inactive chip select in interrupt-acknowledge 
cycles. 
23. In 80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO-—SRS2, and SCS. When used to do so, SRAS must 
meet parameter 266a, and SBHE, SRSO—SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 


282R 


Cc 
= 
= 


ADVANCE INFORMATION 





ns 
ns 
ns 
ns 
ns 
ns 

Ss 

S 


Pulse duration, SUDS or SLDS high between DIO accesses 





nN 
~ 
o 
as 
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DAC A GE A AP A EAS I OE SSE TET ET ET TEE SITET GS 
SCS, SRSX, Gi 
SRSO, SRS1 
| | 


i¢—pl_ 267 ¢-Pi— 268 
SIACK : | | 
| | : lq¢—______ 27a eke 
SRNW ]; | | | ! N 
lq—pl-_ 272 | | > 273 


SDDIR High | | 





SDTACKT 


le—>} 261a 
SADHO-SADH/7, 
SADLO-SADL7, Hi-Z RR Output Data Valid Hi-Z 
SPH, SPL 


t SDTACK is an active-low bus-ready signal. It must be asserted before data output. 

















Figure 26. 68xxx DIO Read-Cycle Timing 
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68xxx DIO write-cycle timing 













If SIF register is 


Delay time, SDBEN low to SDTACK low | ready (no waiting 
(see TMS380 Second Generation Token- | Tequir ed) 


0 te(SCK)/2 +4 0 te(SCk)/2 +4 


ADVANCE INFORMATION 


282b 


Ring User’s Guide, SPWU005, subsection | if SIF register is 
3.4.1.1.1) not ready (waiting 0 4000 0 4000 
required) 


282W | Delay time, SDDIR low to SDBEN low 0 tce(SCK)/2 +4 
283W | Delay time, SUDS or SLDS high to SDBEN no longer low 0  tyscK)/2+4 0  tyscK/2+4{ ns | 





0 te(SCK)/2 + 4 








286 Pulse duration, SUDS or SLDS high between DIO accesses t 
(see Note 22) c(SCK) te(SCK) 


Tt It is the later of SRD and SWR or SCS low that indicates the start of the cycle. 

+ This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 

§ This specification is provided as an aid to board design. It is not assured during manufacturing testing. 

NOTES: 22. The inactive chip select is SIACK in DIO-read and DlO-write cycles, and SCS is the inactive chip select in interrupt-acknowledge 
cycles. 

23. In80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO—SRS2, and SCS. When used to do so, SRAS must 

meet parameter 266a, and SBHE, SRSO-SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 
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Hold time, write data valid after SUDS or SLOS high a 
Setup time, register address before SUDS or SLDS no longer 
267t high (see Note 22) 1 2 
268 Hold time, register address valid after SUDS or SLDS no longer 
low (see Note 23) 
979 Setup time, SRNW before SUDS or SLDS no longer high 12 40 
(see Note 22) 
97 Setup time, inactive SUDS or SLDS high to active data strobe no t 
=a longer high tc(SCK) c(SCk) 
Hold time, SRNW after SUDS or SLOS high a 
Hold time, inactive SUDS or SLDS high after active data strobe 
2738 | high tc(SCK) te(SCK) 
Delay time, SCS, SUDS or SLDS high to SDTACK high 
(see Note 22) ? ra = 
Delay time, SDTACK lowin the first DIO access to the SIF register 
to SDTACK low in the immediately following access to the SIF 4000 4000 pons 
Delay time, SUDS or SLDS high to SDTACK in the 
2798 high-impedance state 0 'c(SCK) 0 to(SCK) ons 
Delay time, SUDS or SLDS low to SDDIR low (see Note 22) 0 — tescK)/2+4 0  tyscK/2+4] ns | 
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SCS SRSX, . 
SRSO, SRS1 : 




















267 — ke-p— _ 268 
SIACK / | oom | | | \ 
[5 > eee 
| 273a ——_—_—_—_—__ P| 
i> oF 273 ie - 
| | 
SRNW \ | | / \ 
| , 
| | e720 SS 
_ SUDS, SLDST 
} | < = 273a —__—__—__ | 
l¢—p|— 280 : | 
: | | | 
SDDIR High } ; | 
| | 
aa 282W | | rE 283W 
SDBENt \ / } 
279 —>| 
Sa 2716 SS >| oil 
| | 275| 74> | 
| | l¢— 255 lp} | 
SDTACKS Hi-Z | Hi-z - 
. | 
k¢——p1— 263 
SADHO—SADH/7, 


SADLO-SADL/7, cmmmmeinnnnnmneimeranencmmncmmmms bf]. 7 Data Hi-Z 
SPH, SPL | 

T For 68xxx mode, skew between SLDS and SUDS must not exceed 10 ns. Provided this limitation is observed, all events referenced to a data 
strobe edge use the later occurring edge. Events defined by two data strobes, edges, such as parameter 286, are measured between latest and 
earlier edges. 

+ When the TMS380C25 begins to drive SDBEN inactive, it has already latched the write data internally. Parameter 263 must be met to the input 
of the data buffers. 

§ SDTACK is an active-low bus ready signal. It must be asserted before data output. 


Figure 27. 68xxx DIO Write-Cycle Timing 
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68xxx interrupt-acknowledge-cycle timing 


win Max | MIN MAX | 
255 _| Delay time, SDTACK lowtoeitherSCS or SUDS, orSIACKhigh | 15 | 15 | ons | 
osgt Hold time, SAD in the high-impedance state after SIACK no 

longer high (see Note 22) 
Setup time, output data valid before SDTACK no longer high | oo .|FTCDr—irsi a iectt—‘“‘s™SCsé*iSC rs 


Delay time, SIACK high to SAD in the high-impedance state 
(see Note 22) 22 ee 
61a Hold time, output data valid after SCS or SIACK no longer low 
(see Note 22) 
Setup time, register address before SIACK no longer high 
(see Note 22) i? ” 
Setup time, inactive high SIACK to active data strobe no longer 


Hold time, inactive SRNW high after active data strobe high te(SCK | ons 






























282R 








Delay time, SCS or SANW high to SDTACKhigh (seeNote22) | 0 28 —«dt SCC 
279t | Delay time, SIACK high to SDTACK in the high-impedance state 0 to(SCK 0 tisck) | ns 
282a_ | Delay time, SDBEN low to SDTACK low in a read cycle 0 te(SCK)/2 + 4 0 te(SCK)/2 + 4 Fons | 

Delay time, SIACK low to SDBEN low (see TMS380 Second 
Generation Token-Ring User’s Guide, SPWU005, subsection 
283R | Delay time, SIACK high to SDBEN high (see Note 22) 0  tywscK)/2+4 0  tyscoK)/2+4] ns | 
286 Pulse duration, SIACK high between DiO accesses (see Note 22) te(SCK Pee 
+ This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
§ It is the later of SRD and SRD or SCS low that indicates the start of the cycle. 


Delay time, SDTACK low in the first DIO access to the SIF register | 
276+ to SDTACK low in the immediately following access to the SIF : sued v aaee ons | 
0 te(SCk)+ 3 0 te(SCK)+ 3 
3.4.1.1.1), provided the previous cycle completed 
t This specification is provided as an aid to board design. It is not assured during manufacturing testing. 
NOTE 22: The inactive chip select is SIACK in DiO-read and DlO-write cycles, and SCS is the inactive chip select in interrupt-acknowledge cycles. 
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SAREE LESS NA ASAE REE TE ET SR TE TI SS SE A SE ES EI NEN BET EG PETES RESEDA ST 
SCS, SRSX, | | 
SRSO, SRS1, ] Only SCS needs to be Inactive. X 
| SBHE —_—y | ' Alt others are don’t care. | 
l¢—>}—__ 267 | ; | | 
SIACK 
SRNW 
SLDS 
SDDIR 
SDBEN 
, ! 6 > 
255 
SDTACKT a Hi-Z = <— —> / | as | eee 
| > 
le¢—p-—  261a 





SADHO-SADH/7, ; 
SADLO-—SADL7 Hi-Z i Output Data Valid Hi-Z ee 
SPH, SPL# | 


T SDTACK is an active-low bus ready signal. It must be asserted before data output. 
+ Internal logic drives SDTACK high and verifies that it has reached a valid-high level before making it a 3-state signal. 





Figure 28. 68xxx Interrupt-Acknowledge-Cycle Timing 
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68xxx-mode bus-arbitration timing, SIF takes control 


25-MHz 33-MHz 
OPERATION OPERATION siz 
10 











208a Setup time, asynchronous input SBGR before SBCLK no longer high to 10 
assure recognition on this cycle 

208b Hold time, asynchronous input SBGR after SBCLK low to assure , 0 
recognition on this cycle 


nile 0 
Delay time, SBCLK low to address valid a ae) 0 20 
224a_ ‘| Delay time, SBCLK low in cycle I2 to SOWN low (see Note 25) 0 






212 i 
224c_ ‘| Delay time, SBCLK low in cycle I2 to SDDIR low in DMA read 

230 Delay time, SBCLK high to either SHRQ low or SBRQ high 

241 Delay time, SBCLK high in TX cycle to SUDS and SLDS high 


Hold time, SUDS, SLDS, SRNW, and SAS in the high-impedance state 
after SOWN low, bus aquisition 









241a te(SCK-15) 


t This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
NOTE 25: Motorola-style bus slaves hold SDTACK active until the bus master deasserts SAS. 


NO Nh 
oO (o>) 
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I 


SVXAL gi 


SLNANNULSN 


User Master 


SIF inputs: 


SBCLK 


SBGR 


SBERR, 
SDTACK, 
SBBSY 


SIF Outputs: 
SBRQT 


SAS, SLDS, 
SUDS 


SRNW 


SADHO-. 
SADH/7, 
SADLO- 
SADL7, 
SPH, SPL 


SDDIR 


SOWN# 


NOILVINYOANI SADNVAGV 


Bus Exchange SIF Master 








Hi-Z | _ oe SIF 


gpl 2040 | 








lk¢——§l- 224 l 


Tt In 80x8x mode, the system interface deasserts SHRQ on the rising edge of SBCLK following the T4 state of the last system-bus transfer it controls. In 68xxx mode, the system 
interface deasserts SBRQ on the rising edge of SBCLK in state T2 of the first system-bus transfer it controls. 
+ While the system-interface DMA controls are active (i.e., SOWN is asserted), the SCS input is disabled. 








Figure 29. 68xxx-Mode Bus-Arbitration Timing, SIF Takes Control 
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68xxx-mode DMA read-cycle timing 








25-MHz OPERATION 33-MHz OPERATION 


Cc 
= 
=~ 


Setup time, input data valid before SBCLK in T3 








— 
© 


205 


cycle no longer high 10 

Hold time, input data valid after SBCLK low in T4 10 

cycle if parameters 207a and 207b not met 

Hold time, input data valid after data strobe no longer 
207a 

ow 
207b Hold time, input data valid after SDBEN no longer 

low 


Setup time, asynchronous input SDTACK before 
SBCLK no longer high to assure recognition on this 
cycle 


Hold time, asynchronous input SDTACK after 10 

SBCLK low to assure recognition on this cycle 

Pulse duration, SAS, SUDS, and SLDS high ‘o(SCK)* 'c(SCK)* 
tw(SCKL)~ 18 tw(SCKL)— 18 

Delay time, SBCLK high in T2 cycle to SUDS and 

SLDS active 


Delay time, SBCLK low to address valid 


Delay time, SBCLK low in T2 cycle to SAD high 
impedance 


Delay time, SBCLK high to SALE or SXAL high 


— 
>) 


Nh 
So 
—_k 





Oo 


— 
© 


208a 





—_ 


0 








NO 
oO 
(oe) 
Co 


2 
2 
2 


— 
Oo 
— 
i 


— 
oO 
—_ —_ N 
— on [oe] ol io) 


Ne) 
=, 
HK 
—+ 


NO 
© 
nN 


Oo (o>) 


1 
1 
21 
1 


Oo 


Delay time, SBCLK high to SXAL low in the TX cycle 0 
or SALE low in the T1 cycle 


Hold time, address valid after SALE, SXAL low tw(SCKH)—15  teyscK)/2 - 4 


tw(SCKH)-15 te(SCK)/2 - 4 


© 


9 
0 
2 
6 
7 
8 
2 


— 
oO 


2 
21 
22 Delay time, SBCLK high to SAS low | 


ie Delay time, SBCLK low in T4 cycle to SUDS, SLDS ; 
and SAS high (see Note 24) 


225R_ | Delay time, SBCLK low in T4 cycle to SDBEN high 

sogt Hold time, SAD in the high-impedance state after 
SBCLK low in T4 cycle 

233 Setup time, address valid before SALE or SXAL no 10 
longer high 

233a | Setuptime, address valid before SAS no longer high | tw(SCKL)-15 


Delay time, SBCLK high in the T2 cycle to SDBEN 
low 


Setup time, data valid before SDTACK low if 
parameter 208a not met 


Tt This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
NOTE 24: While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. 


—_ 
—_— 


Hold time, SALE or SXAL low after SUDS and SAS 
216a high 


fo) 


tw(SCKL)~15 





— 
— 
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247 


NO 
io) 
~] 
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SUDS, 
SLDS 
SRNW 
SXAL 
SALE 
| alg 
| | | | | le >| || 
205 
233 le —> 233 «2 214 | | > le 2078 


| | 
| | 
! | ! 
SADLO-SADH7, _ | 
SPH, SPL Extended Address = 247¢ —»l pl i 207b 
SDTACK S81 —>—- | 208a | | 
| | 


SDDIR | 


237R —\¢—> 
SDBENT ee | ES 


tT Onaread cycle, the read strobe remains active until the internal sample of incoming data is completed. Input data may be removed when either the read strobe or SDBEN becomes 
no longer active. 

+ If parameter 208a is not met, then valid data must be present before SDTACK goes low. 

§ Motorola-style bus slaves hold SDTACK active until the bus master deasserts SAS. 

1 All Vg pins should be routed to minimize inductance to system ground. 


Figure 30. 68xxx-Mode DMA Read-Cycle Timing 
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68xxx-mode DMA write-cycle timing 


208a 






25-MHz OPERATION 33-MHz OPERATION 
[MIN MAX | +oMIN Max. il. 
SBCLK no longer high to assure recognition on this 


10 10 
cycle 
208b Holdtime, asynchronous input SDTACK after SBCLK 10 10 
low to assure recognition on this cycle 
209 _| Pulse duration, SAS, SUDS, and SLDS high tc(SCK)*+ to(SCK)+ 
tw(SCKL)- 18 tw(SCKL)— 18 
ott Delay time, SBCLK high in T2 cycle to SUDS and 25 
SLDS active 
Delay time, output data valid to SUDS and SLDS no 
zg longer high tw(SCKL)- 15 tw(SCKL)- 15 
12 20 20 
16 Delay time, SBCLK high to SALE or SXAL high 
17 
18 
19 
21 
22 









Setup time, asynchronous input SDTACK before 


















NO 
jo) 


2 
2 


io) 
Nh 
on 


or SALE low in the T1 cycle 





q 


Hold time, address valid after SALE, SXAL low tw(SCKH)~15  te(SCK)/2 — 4 | tw(SCKH)—-15 — tevSCK)/2 - 4 





Delay time, SBCLK low to address valid a 
7 i 
Hold time, SALE or SXAL low after SUDS and SAS 
216a 
high 
Delay time, SBCLK high to SXAL low in the TX cycle 
Delay time, SBCLK low in T2 cycle to output data and 29 
parity valid 
Hold time, output data, parity valid after SUDS and 
SLDS high : ella te(SCK)— 12 te(SCK)— 12 


2 , 

2 , 

2 ’ 

2 ’ 

222 _| Delay ime, SBOLK high to SAS low a 

225W__| Delay time, SBOLK high in T4 oysle to SOBEN high 

225WH | Hold time, SDBEN low after SUDS and SLDS high | tgigcK)/2 -7 te(SCK)/2—- 7 
6 


Setup time, address valid before SALE or SXAL no 10 
longer high 


233a Setup time, address valid before SAS no longer high | tw(SCKL)-—15 tw(SCKL)—15 


N 
w 
Qo 


—_— 

oO 
N 
(ce) 
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ri : | 

7 | 1 bg ppt aig | | | | 

SXAL / : | \ | | coe 4 LU! || |_| ee 
| 216 —¢— > | | 216a 
| 


| | | | | atl | | ry 
SALE | | IN | og | | ly 
| | | | 
| 


SADLO-SADH/7, 
SADHO-SADL7, 
SPL, SPH 


Extended Address 
| t——_>-7- 208a 


SDTACK Tt 


SDDIR 237W 5 —> | Oo5WH 
| | 


SDBEN 


T All Vgg terminals should be routed to minimize inductance to system ground. 
+t Ona read cycle, the read strobe remains active until the internal sample of incoming data is completed. Input data can be removed when either the read strobe or SDBEN 
becomes no longer active. 


Figure 31. 68xxx-Mode DMA Write-Cycle Timing 
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68xxx-mode bus-arbitration timing, SIF returns control 


25-MHz 25-MHz 
OPERATION | OPERATION UNIT 
Delay time, SBCLK low in |1 cycle to SAD, SPL, SPH, SUDS, and SLDS in the 
220T 
high-impedance state, bus release 









: a ccs 
223bT | Delay time, SBCLK low in !1 cycle to SBHE/SRNW in the high-impedance state i i ao 
224b _| Delay time, SBCLK low in cycle I2 to SOWN high | 0-20] O15 ons 
224d _| Delay time, SBCLK low in cycle 12 to SDDIR high | oto 

Delay time, SBCLK high to either SHRQ low or SBRQ high | Of ons 


Setup from, SUDS, SLDS, SRNW, and SAS control signals in the high-impedance state 
before SOWN no longer low 


t This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
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I 


SVXdL re 


SLNAWNULSN 


SIF Inputs: 


SBCLK 


SDTACK 
SIF Outputs: 


SBRQT 


SRNW 


SADHO-SADH/, 
SADLO-SADL7, 
SPH, SPL 


SDDIR 


SOWN 





NOILVNNYOANI SONVAGV 


SIF Master 
T2 : T3 


Bus Exchange . 
T4 iM 12 





230 —h¢-p} | | 
| 
lq—— 220 —»p| | 
| | | ee 240 ae: 
| | | | 
/ | \¥ 
| | | 240 


Hi-Z 








T In 80x8x mode, the system interface deasserts SHRQ on the rising edge of SBCLK following the T4 state of the last system-bus transfer it controls. In 68xxx mode, the system 
interface deasserts SBRQ on the rising edge of SBCLK in state T2 of the first system-bus transfer it controls. 


Figure 32. 68xxx-Mode Bus-Arbitration Timing, SIF Returns Control 
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68xxx-mode bus-release and error timing 


25-MHz 33-MHz 
OPERATION | OPERATION | Unit 
Setup time, asynchronous input before SBCLK no longer high to assure recognition ae ae 


208 Hold time, asynchronous input SBRLS, SOWN, or SBERR after SBCLK low to assure 10 10 
recognition 


Hold time, SEALS tow after SOWN ih ee A 
Setup time, SBERR low before SDTACK no longer high if parameter 208a not met 









/ TWor2) 13 14 ) TH 7 T2 
| 208a le! | | 
SBRLSt —N le—>{— 208b ! | [t—— 
! | | 
SOWN | l¢——vl- 208b ! | 
k¢— 208 —> 
208a —<¢—>} 
SBERR¢ ON 
l¢—— 236 —>j 


SDTACK \ / 


t The system interface ignores the assertion of SBRLS if it does not own the system bus. If it does own the bus, when it detects the assertion of 
SBRLS, it completes any internally-started DMA cycle and relinquishes control of the bus. If no DMA transfer has started internally, the system 
interface releases the bus before starting another. 

+ if SBERR is asserted when the system interface controls the system bus, the current bus transfer is completed, regardless of the value of 
SDTACK. If the BERETRY register is nonzero, the cycle is retried. If the BERETRY register is zero, the system interface then releases control 
of the system bus. The system interface ignores the assertion of SBERR if itis not performing a DMA-bus cycle on the system bus. When SBERR 
is properly asserted and BERETRY is zero, however, the system interface releases the bus upon completion of the current bus transfer and halts 
all further DMA on the system side. The error is synchronized to the local bus and DMA stops on the local sides. The value of the SOMAADR, 
SDMADDR xX, and SDMALEN registers in the system interface are not defined after a system-bus error. 





Figure 33. 68xxx-Mode Bus-Release and Error Timing 
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| 11 T(W or 2) | : | 
(XXKXXX XM VY : 2 
ESLER : , See 












SDTACK 








Figure 34. 68xxx-Mode Bus Halt and Retry, Normal Completion With Delayed StartTt 


T Only the relative placement of the edges to SBCLK falling edge is shown. Actual signal edge placement can vary from waveforms shown. 


SDTACK NKR 0 0 ono oN er 
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Figure 35. 68xxx-Mode Bus Halt and Retry, Rerun Cycle With Delayed StartT 


Tt Only the relative placement of the edges to SBCLK falling edge is shown. Actual signal edge placement can vary from waveforms shown. 
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®@ Facilitates Connection of the TI380C25, 
TI380C26, or TI380C27 to Token Ring 

@ Loop Back (Wrap Mode) for Self-Test 
Diagnostics 

® Compatible With Electrical Interface of 
ISO/IEC IEEE Std. 802.5:1992 Token-Ring 
Access-Method and Physical-Layer 
Specifications 

® Glueless Interface to TI380C2x 
Commprocessor for Token Ring 

® 16- and 4-Mbps Token-Ring Data Rates 
With No External Switching Circuits 

® Repeater Application Requires No 
Additional Active Components 

® Digital Phase-Locked Loop 
~ Precise Control of Bandwidths 
— Improved Jitter Tolerance 


@ Internal Crystal Oscillator for 
Reference-Clock Generation 

@ On-Chip Watchdog Timer 

® Low-Power EPIC™ 0.8-um CMOS Process 

@ PCMCIA-Compatible 52-Lead 1,0-mm 
Plastic Quad Flatpack 


PAH PACKAGE 
(TOP VIEW) 








PXTAL [11 © 391 | Vssat 
Vppp L}2 38] RCV+ 
WRAP []3 371] Vopat 
Vssp | 14 364 | RCV— 
DRVR+[]5 35] ] IREF 


DRVR-[]6 341 | Vssa2 






- Minimizes Accumulated Phase Slope FLT []7 33] ATEST 
@ Phantom Drive for Physical Insertion Onto ear. s2{] Vopa2 


‘ Vss_ {9 31 | XT1 
Ring FRAQ[] 10 sof] Vsso 

® Differential Line Receiver With VpoL [] 11 207] XT2 
Level-Dependent Frequency Equalization REDY [] 12 2811 Vppo 


© Low-Impedance Differential Line Driver to NAPE 271] VopL 


Ease Transmit-Filter Design Sg) ef SNS a jj 

SBR ges 85 Bs ot 

description BIeELexelegVg ors 
a. - 





The TI380C60 token-ring interface device is a full-duplex electrical interface compatible with ISO/IEC IEEE 
Standard 802.5:1992 token-ring access-method and physical-layer specifications. The TI880C60 operates at 
the IEEE-standard 4- and 16-Mbps data rates. The Manchester-encoded data stream is received and phase 
aligned using an on-chip phase-locked loop (PLL). Both the recovered clock and data are passed to the 
protocol-handling circuits of one of the TI880C2x single-chip token-ring commprocessors for serial-to-parallel 
conversion and data processing. On transmit, the TI880C60 buffers the output of the TI880C2x and drives the 
media via suitable isolation and waveform-shaping components. 


All necessary functions required to interface to an IEEE-802.5 token ring are provided. These include the PLL, 
the phantom drive to control the relays within a trunk-coupling unit, and wire-fault detection circuits. An internal 
wrap function is provided for self test, and a watchdog timer is included to provide fail-safe deinsertion from the 
ring in the event of a station microcode or commprocessor failure. 


The TI380C60, when coupled with one of the TI83880C2x token-ring commprocessors, forms a highly integrated 
token-ring LAN adapter compatible with the ISO/IEEE Standard 802.5. The TI880C60 synthesizes the 
necessary token-ring reference clock for its own use and for the TI880C2x. This removes the need for external 
components to provide this function. 


The TI3880C60 can function as a standalone device because the digital PLL is self contained and requires no 
additional circuits for frequency management. Using the device in this manner in the repeat mode provides a 
highly integrated token-ring repeater with no additional active components suitable for wiring center 
applications. 


The TI380C60 is available in a 52-lead 1,0-mm plastic quad flatpack and is characterized for operation from 
0°C to 70°C with a typical power dissipation of 600 mW. 


EPIC is a trademark of Texas Instruments Incorporated. 





PRODUCTION DATA Information Is current as of _fublication date. Copyright © 1995, Texas Instruments Incorporated 
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Pin Functions 


ATEST =e Analog test. Should be left unconnected. 


a ae Differential driver data inputs. DRVR+ and DRVR- receive the ’380C2x transmit data. 


EQ+ 
EQ- 


| Frequency acquisition control. FRAQ is driven by the ’380C2x or can ibe tied low for repeater 
applications. 
ae H Clock recovery PLL is initialized. 
L Normal operation 


IREF 35 Internal reference. IREF allows the internal bias current of analog circuitry to be set via an 
| external resistor. 


Output-enable control. NABL can be used in token-ring / ethernet applications to disable the 
token-ring function. 
NABL 13 TTL H = TI380C60 operates normally . | 
L = All outputs are driven to the high-impedance state, except XMT+/XMT-— which 
are driven low. Internal logic continues to operate unless PWRDN is asserted low. 


Insert control. NSRT enables the phantom-driver outputs (PHOUTA and PHOUTB) through 
the watchdog timer for insertion onto the token ring. 

Static high = Inactive, phantom current removed (due to watchdog timer) 

Static low = Inactive, phantom current removed (due to watchdog timer) 
Falling edge = Active, current output on PHOUTA and PHOUTB. 


Phantom-driver outputs A and B. The outputs that cause insertion onto the token ring. 
PHOUTA and PHOUTB should be connected to the center tap of the transmit transformer 
| secondary winding for phantom-drive generation. 















SN | Equaization gain points. Connections to allow frequency tuning of equalization circuit. 




























NSRT 8 TTL 












PHOUTA 23 
PHOUTB 21 









Power-down control 
H = Normal operation 
L. = TI380C60 is placed into a power-down state. All TTL outputs are driven to the 
high-impedance state. 


PXTAL { TTL Token-ring reference-clock output. For 16-Mbps operation, PXTAL is a 16-MHz clock, and 
for 4-Mbps operation, PXTAL is an 8-MHz clock. 
Oscillator output. OSC32 provides a 32-MHz clock output and can be used to drive CLKIN 


Repeat-mode enable | 
L = Repeat mode selected. The received and sampled data present on RCVR is also 
REPT 15 TTL driven out on the XMT+/XMT-— pair. This function is overridden if WRAP is 
. asserted low. 
H = TI380C60 operates normally 
Rate error. RATER indicates that there are transitions on RCV+/RCV— input pair 
RATER (DRVR+/DRVR- if WRAP is asserted low) but that the transition rate is not consistent with 
the ring speed selected by S4/16. 
Rok at | ne ene clock. RCLK is the clock recovered from the token-ring received data. For 
ae ee -Mbps operation, it is a 32-MHz clock. For 4-Mbps operation, it is an 8-MHz clock. 
ie “HoT Receiver inputs. RCV+ and RCV- receive the token-ring data via isolation transformers. 


R CVR Recovered data. RCVR contains the data recovered from the token ring and should be 
sampled at the rising edge of RCLK. 


T | = input, O = output, E = provides external-component connection to the internal circuitry for tuning 
+ TTL =TTL signal, N = non-TTL signal, D = differential drive or data 








PWRDN 16 TEL: 
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Pin Functions 


ao 1/O/ET | TYPEF DESCRIPTION 


PLL ready. REDY is normally asserted (active) low. REDY is cleared following the assertion 
of FRAQ and reasserted after the data recovery PLL has been reinitialized. 

= Received data not valid 

Received data valid 













4-Mbps data rate 
16-Mbps data rate 





Test-port reset. TRST should be tied to ground for normal operation of the TI8380C60. 
H Reserved 
L Test ports forced to an idle state 


Phantom-wire fault. WFLT provides an indication of the presence of a short or open circuit 
on PHOUTA or PHOUTB. 

H = No fault 

L = Qpenor short. The dc fault condition is present in the phantom-drive lines. 


Internal wrap-mode control. WRAP allows the TI380C60 to be placed in the loopback-wrap 
mode for adapter self test. 

H = Normal ring operation 

L = Transmit data drives the receive data. RCV+ or RCV-— are ignored by the 
TI380C60 and XMT+ and XMT- are both forced low. 


Transmit differential outputs XMT+ and XMT-— provide a low-impedance differential source 
XMT— for line drive via setaacdia and transformer isolation. 


XT2 clock for the TI380C60. ee an 8-MHz TTL clock source can be connected to XT1. 

ee nr 
oop 249 | — | — | Positve-supply voltage forouiputbuffers 
Von. 11.27 | — | — | Positive-supply voltage forinteraliogio SSCS 
Vopaz2 82 | — | — | Positve-supply voltage fordatarecoveyPLL SCS 
ono 28 | — | — | Postve-supply voltage orXTAL oscillator 
oop 24 | — | —  |Positve-supply votage forphantomdrve 
Voox __20_| — | — | Positve-supply voltage fortransmitoutput 
Vssar______ 99 | — | —  |Groundreference forrecshercrouts SC 
ssa2 34 | — | — | Groundreterence ordatarecovey PLLC 
Vssp__4.52__| — | — |Groundreferenceforoutputbufers SSCS 
Vsst____%.26 | — | — | Groundreferenceforintomalloge SSCS 
a a A ER TL a 
Wsso____30__| — | — | Groundreference forXxTALoscllator 
lVssp_ 22 | — | — (Groundreferenceforphantomdrive 


T |= input, O= ore E = provides external-component connection to the internal circuitry for tuning 
+ TTL =TTL signal, N = non-TTL signal, D = differential drive or data 3 
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architecture 


The major blocks of the TI380C60 include the receiver/ equalizer, clock recovery PLL, wrap function, phantom 
drive with wire-fault detector, and watchdog timer. Figure 1 is the block diagram illustrating these major blocks, 
and the functionality of each block is described in the following sections. 


RCV+ 
RCV— 


XMT+ 


XMT- 


PHOUTA 


PHOUTB 


PWRDN 


receiver 


Phantom 
Drive 






IREF 








Receiver 
Clock 
Recovery 






Watchdog 
Timer (22 ms) 


TDI TODO TLCK 


Figure 1. Functional Block Diagram 


S4/16 ATEST 






TMS 


FRAQ 


p | sp 
a 


NABL 





PXTAL 
RCVR 
RCLK 
OSC32 


REDY 
DRVR+ 
DRVR—- 





Figure 2 shows the arrangement of the line-receiver/equalizer circuit. The differential-input pair, RCV+ and 
RCV-, are designed to be connected to a floating winding of an isolation transformer. Each is equipped with 
a bias circuit to center the operating point of the differential input at approximately Vpp + 2. 


The differential-input pair consists of a pair of MOSFETs, each with an identical current source in its source pin 
that is set to supply a nominal current of 1.5 mA. At low signal levels, the gain of this pair is inversely proportional 
to the impedance connected between their sources on EQ— and EQ+. A frequency-equalization network can 


be connected between EQ+ and EQ- to provide equalization for media signa! distortion. 


The internal wrap mode is provided for self test of the device. When selected by taking WRAP low, the normal 
input path is disabled by a multiplexer and a path is enabled from DRVR+/DRVR- pair. Receiver gain, 
thresholds, and equalization are unchanged in the internal wrap mode. 
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receiver (continued) 


| LOAD | | LOAD | 


RCV+/ | 38 
Rev-[ | 36 






External Equalizer DATA 


DATA 
Fo Rt. Re 
ie iz 







Bias Network 






From DRVR+/DRVR- a cr O O y Foe 

Vss 
Figure 2. Line Receiver/ Equalizer 
receiver-clock recovery 


The clock and data recovery in TI380C60 is performed by an advanced, digitally controlled phase-locked loop. 
In contrast to the TMS38054, the PLL of the TI380C60 is digitally controlled and the loop parameters are set 


by internally programmed digital constants. This results in precise control of loop parameters and requires no 
external loop-filter components. 


The TI380C60 implements an intelligent algorithm to determine the optimum phase position for data sampling 


and extracted clock synthesis. The resulting action of the TI880C60 can be modeled as two cascaded PLLs as 
shown in Figure 3. 


RCLK 
RCV Data 


RCVR 


f3dB = 680 KHz f3dB = 162 KHz 





NOTE: fgqgp = —3dB bandwidth of PLL 
Figure 3. Dual PLL Arrangement 
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receiver-clock recovery (continued) — 


PLL1 represents the algorithm to recover data from the incoming stream detected by the receiver. It has a 
relatively high bandwidth to provide good jitter tolerance. Data and embedded clock phase information are fed 
as digital values to PLL2 that generates the extracted clock (RCLK) for the TI3880C2x commprocessor. The 
recovered data is sent to the TI880C2x as the RCVR signal synchronously with RCLK. In addition to sampling 
the RCVR signal, the TIS80C2x uses RCLK to retransmit data in most cases. The lower bandwidth of PLL2 
greatly reduces the rate of accumulation of data-correlated phase jitter in a token-ring network and provides very 
good accumulated-phase-slope (APS) characteristics. In addition to RCLK, the token-ring reference clock 
(PXTAL) and a fixed-frequency 32-MHz clock (OSC32) are also synthesized from the 8-MHz crystal reference. 


line driver, wrap function, and repeat mode 


The line-drive function of the TI380C60 is performed by XMT+ and XMT-. Unlike the TMS38054, these pins 
are low-impedance outputs and require external series resistance to provide line termination. These pins 
provide buffering of the differential signal from the TI880C2x on DRVR+/DRVR-with action to control skew and 
asymmetry and with no retiming in the transmit path. 


The wrap function is designed to provide a signal path for system self-test diagnostics. When WRAP is taken 
low, the receiver inputs are ignored and the transmit signal is fed to the receiver input circuitry via a multiplexer. 





In the internal wrap mode, WRAP can be checked by observing the signal amplitude at the equalization pins, 


EQ+ and EQ-. Equalization is active at this signal level, although the signal does not exhibit the high-frequency 
attenuation effects for which equalization is intended to compensate. During internal wrap mode, both XMT+ 
and XMT- are driven to a low state to prevent any dc current flowing in the isolation transformer. 


When the repeat function is selected, the sampled and retimed ring. data present on RCVR is also driven out 
on XMT+ and XMT-. This allows the TI3880C60 to operate as a standalone repeater. Both RCVR and RCLK 


continue to provide valid sampled ring data and extracted clock as normal. The DRVR+/DRVR- inputs are 








ignored. The repeat function is enabled by taking REPT low while holding WRAP high. 


phantom driver and wire-fault detection 


The phantom-drive circuit under control of NSRT generates a dc voltage on both of the phantom-drive outputs, 
PHOUTA and PHOUTB. In order to maintain the phantom drive, NSRT is toggled by the TI380C2x at least once 








~ every 20 ms. An internal watchdog timer is included in the TIS380C60 to remove the phantom drive if NSRT fails 


to have the required transitions. 


The watchdog timer is normally not allowed to expire because it is being reinitialized at least every 20 ms. If, 
there is a problem in the TIS880C2x or its microcode resulting in failure to toggle NSRT, the timer expires in a 
maximum of 22 ms. If this happens, the phantom drive is deasserted and remains so until the next falling edge 
of NSRT. The watchdog timer requires no external timing components. When the phantom drive is deasserted, 
the phantom-drive lines are actively pulled low, reaching a level of 1 V or less within 50 ms. 





The dc voltage from PHOUTA and PHOUTB is superimposed on the transmit-signal pair to the trunk-coupling 
unit (TCU) to request that the station be inserted into the ring. This is achieved by connecting them to the center 
of the secondary winding of the transmit-isolation transformer. Since PHOUTA and PHOUTB are connected to 
the media side of the isolation transformer, they require extensive protection against line surges. A capacitor 
is connected between the two phantom lines to provide an ac path for the transmit signal. PHOUTA and 
PHOUTB independently drive the dc voltage on each of the transmit lines allowing for independent wire-fault 
detection on each. 


The phantom voltage is detected by the TCU, causing the external wrap path from the transmitter outputs back 
to the receiver inputs to be broken and the ring to be broken. A signal connection is then established from the 
ring to the receiver inputs and from the transmitter outputs to the ring. The return current from the dc-phantom 
voltage on the transmit pair is returned to the station via the receive pair. This provides some measure of 
wire-fault detection on the receive lines. The phantom-drive outputs are current limited to prevent damage if 
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short circuited. They detect either an abnormally high or an abnormally low load current at either output, 
corresponding to a short or an open circuit in the ring or TCU wiring. Either fault causes the wire-fault indicator 
output, WELT, to be driven low. The logic state of WFLT is high when the phantom drive is not active. 


frequency acquisition and REDY 


Unlike its predecessors, the TMS3805x family, the data-recovery PLL of the TI380C60 does not require 
constant frequency monitoring; neither is it necessary to recenter its frequency via the FRAQ control line. 
However, it is necessary to provide the interaction with the TI880C2x or other commprocessors that expect to 
perform this frequency-management task. 


When the TI380C2x asserts FRAQ, it initiates a reset of the clock-recovery PLL. The REDY signal is deasserted 
for the duration of this action and reasserted low when it is complete (a maximum of 3 us later). This low-going 
transition of REDY is required by the TI380C2x following the setting of FRAQ high to indicate to the 
commprocessor that any frequency error that it detected has been corrected. In fact, the TI8380C60 will never 
require FRAQ to be asserted after the PLL has been initialized. This interaction is provided purely for the benefit 
of the TI380C2x. 





rate error (RATER) function 


RATER provides an indication that incoming data transitions are present on the RCV+/RCV- pair but that the 
rate of transitions is outside the range that would be expected for the ring speed selected by S4/16. RATER 
is not asserted low if no incoming transitions are present. In wrap mode, the rate-error function monitors the 
transitions on the DRVR+/DRVR- pair. 


The rate-error function interprets 16 or more transitions in a 1.5-us period as valid 16-Mbps data. It interprets 
15 or less transitions in a 1.5-ys period as 4-Mbps data. One transition or less in a 1.5-ps period is interpreted 
as no incoming transitions. 


disable and power-down mode 





The TI380C60 can be disabled by either NABL or PWRDN. If NABL is taken low, the output buffers of the 
commproccessor interface are placed in the high-impedance state; however, internal logic continues to operate. 
Phantom drive is disabled, but XMT+ and XMT- are driven to a low value to sustain line termination in 
token-ring/Ethernet™ 10-base-T applications that share magnetics. 


If PWRDN is taken low, all outputs are in the high-impedance state and all internal logic is powered down, 
bringing power consumption to a very low level. Upon removing PWRDN, the device resets and initializes itself. 
This process can take up to 2 ms and care should be taken to ensure that the system does not require stable 
clocks during this period. In particular, slow-clock errors can be seen by a TI380C2x commprocessor in a 
dual-physical-layer application if the TI880C60 is powered down when not in use. 


test facilities 


E 


A 5-pin test port is included for production-device testing. While the signals are compatible with IEEE-1149.1, 
this port is not compliant with the standard and the port is not suitable for in-circuit test. 


ATEST gives access to the filter of the internal PLL. This pin is also for production test purposes, and no 
connection should be made to it in an application. 


thernet is a trademark of Xerox Corporation. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Supply voltage range, Vpp (see Note 1) .............. Lae tee one bee pate eaten eons -0.5Vto7V 
Input voltage range (see Notes 1and2) ............... Limi eaneane Seite Vea ee sears -O.5Vto7V 
JOUPUEVONAGE TANGO: cs2ce lta te da even wow aia oeadiaemewe eases Ge Salad ee nas eat ae -O0.5Vto7V 
Power dissipation (See Note 3)... .. ice eee eee eee eee eee eens nemwaads ited Da Aion aia aeoeaare 0.75 W 
Operating free-air temperature range ........ ccc cece cece eee e tenet eeeeeeeeeeeeeees 0°C to 70°C 
Maximum case temperature ......... cece cee tee eee nen ene eege faite avestata aa Retisciea aan woeek 95°C 
Storage temperature ranGe a2 taeda ver ceretiehig ened wecees ate hee hennwodetea see — 65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to Vss unless otherwise noted. 

2. Inputs can be taken to more negative voltages if the current is limited to 20 mA. 
3. Maximum power dissipation per package 


recommended operating conditionst 


IN NOM ax [nt 
[ViH__High-levelinput voltage (seeNote4) | TTLinputs | 2 +03] Vv 
VIL ; 
VIB 








[vip Receiverinputbias votage _——=~SC~*~S~w (CS Nt vse — vB + 
TTL outputs 


+ Recommended operating conditions indicate the conditions that must be met to engure that the device functions as intended and meets the 
detailed electrical specifications. Unless otherwise noted, all electrical specifications apply for all recommended operating conditions. Voltages 
are measured with respect to the device Vss pins. Currents into the device are considered to be positive. | | 

NOTES: 4. The TTLinput and TTL output pins are the pins listed as commprocessor interface or test port in the pin functions table. This section 

also identifies them as inputs and outputs. 

5. Inputs can be taken to more negative voltages if the Ipp current is limited to 20 mA. . 

6. Vspis the self-bias voltage of the input pair RCV+ and RCV--. It is defined as Vsp = (Vsp4+VSB-_) +2 (where Vgp, is the self-bias 
voltage of RCV+; Vsp_- is the self-bias voltage of RCV). The self-bias voltage of both pins is approximately Vpp~= 2. 


TTL input and output pins (see Note 4) 












23 
VOL Low-level output voltage | 0.45 
Tozit Offatate atput curentwit hgh evel vlagoappied | vo=arv | = 
loz Off-state output current with low-level voltage applied 


| 
| Supply current Vpp = MAX 
a mas 


§ For conditions shown as MIN/MAX, use the appropriate value specified under recommended operating conditions. 
NOTE 4: The TTL input and TTL output pins are the pins listed as commprocessor interface or test port in the pin functions table. This section 
also identifies them as inputs and outputs. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


receiver input (RCV+ and RCV-) 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT 


ViT+ Positive-going input threshold voltage VICM = VSB: ae 4 
ViT- Negative-going input threshold voltage VICM = VSB: sa a ; au — 50 


ViCM=Vsp, See Notes 6 and 7, A 
and Figure 6 20 ee ay 


CMRR Common-mode rejection ratio See Notes 6 and 7, and Figure 6 — 30 30 


Both inputs at VsB_ 
See Note 6 and Figure 6 








Vhys | Hysteresis asymmetry threshold voltage, (VT, + VT_) 













Input under test at Vsp + 1 V, 
Other input at Vsp — 1 V, 
See Note 6 and Figure 6 





(RCV) Receiver input current 






Input under test at Vsp — 1 V, 
Other input at Vsp +1 V, 
See Note 7 and Figure 6 


EQ+ and EQ- biased at Vpp —3 V 
RCV+ and RCV~ at Vpp -3 V, 
See Figure 6 


Equalizer wrap voltage WRAP = low, 


NOTES: 6. Vspisthe self-bias voltage of the input pair RCV+ and RCV-. itis defined as Vsp = (VSB. +VSB-) = 2 (where Vsp, is the self-bias 
voltage of RCV+; Vsp - is the self-bias voltage of RCV-—). The self-bias voltage of both pins is approximately Vpp= 2. 
7. VicM is the common-mode voltage applied to RCV+ and RCV-. 


phantom driver (PHOUTA and PHOUTB) 


PARAMETER | | TEST CONDITIONS =| MIN MAX| UNIT 


fio, _Lowleveloutputourent ———SSCSCSC~SCS CSC 10] ma 
lozL Off-state output current with low-level voltage applied | = Vo=0oV ——sd = 100 t00} pA 
wire fault (WFLT) (see Notes 8 and 9) 


a 
[Riis _Phanton-diveload resistance detected as shortcut ——SCSC~CSCS Stk 


NOTES: 8. The wire-fault circuit recognizes a fault condition for any phantom-drive load resistance to ground greater than RL (QO) or any load 
resistance less than R|_(s). Any resistance in the range specified for Ri_(N) is not recognized as a wire fault. A fault condition on either 
PHOUTA or PHOUTB results in WFLT being asserted (low). 
9. Resistor [RL(S), RL(O), RL(N)] connected from output under test to ground, other output loaded with 4.1 Q to ground. 










I1B(EQ) Input bias current, equalizer 





See Figure 6 
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electrical characteristics over recommended ranges of supply voltage and operating: free-air 
temperature (unless otherwise noted) (continued) 


PLL characteristics 


| PARAMETER TEST CONDITIONS | MIN MAX] UNIT 
Reference PLL operating filter voltage . te(XT1) = 125 ns 


crystal-oscillator characteristics 


PARAMETER TEST CONDITIONS 
Viscr1) Input ee bas votage aaa 21 See] Ba 







| 'OH(xT2) High-level output current yee : sa oll ee -25 -65 
lOL(XT2) Low-level output current ye 7 een -~05V 04 1.3 









lOL 
ee al Test 
TTL Point 
Output 
1.5V | Under 


| 
| 
| 
| 
a Point 





Test Test 
lOH 

(a) TTL-OUTPUT TEST LOAD (b) XMT+ and XMT— TEST LOAD 
Speers | lEQB = 
| _— T] EQ+ | 

| 
lref . VEQW 330 Q | 
200 Q | | 
| : _-— rT} cQ- =| 
aa See 

(c) lref TEST CIRCUIT . (d) EQUALIZER TEST CIRCUIT 


Figure 4. Test and Load Circuits 
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switching characteristics over recommended range of supply voltage (unless otherwise noted) 


transmitter-drive characteristics 


PARAMETER TEST CONDITIONS = UNIT 
Vpop = 4.75 V, 
See Figures 4 and 5 
Vpp = 5.25 V, 
See Figures 4 and 5 









VN(PP) XMT+/XMT— peak-to-peak voltage (see Note 10) 






NOTE 10: Vx(Ppy is determined by: 
VOH(XMT+) + VOH(XMT-) — VOL(XMT+) — VOL(XMT-) 


transmitter switching characteristics (see Figures 4 and 5) 


PARAMETER TEST CONDITIONS | MIN) MAX] UNIT 
XMT+/XMT- skew (see Note 11) sk(DRV | ons | 
isqoA=tins | 8 +8 | ns 
XMT+/XMT— asymmetry (see Note 12) sk(DRV [eee 
qory=etes_ | 2 +2] me | 
NOTES: 11. XMT+/XMT— skew is determined by: tq(XMT+ H)  td(XMT— L) OF td(XMT+ L) ~ td(XMT-— H) 
12. XMT+/XMT-— asymmetry is determined by: 


taoxMT +L) + tagxmT—H)  faaMT+H) * faoxmMT—L) 
eS ae» ea 


2V 
DRVR+ fo 1.5V 
| | 0.45 V 
| | 
| 2.4V 
DRVR- a) a) 1.5V 
| | 0.45 V 


| 
| 
it tsk(DRV) = iat tsk(DRV) 










| VOH(XMT+) 
XMT+ | | V50(XMT+) 
! | | VOL(XMT+) 
f+—P— tacxteL) 9 td XMT+H) 
l VOH(XMT-) 
XMT- l | V50(XMT-) 
: : | VOL(XMT-) 


HA QXMT— H) rer ta(XMT- L) 


Figure 5. Transmitter Timing 
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timing requirements over recommended range of supply voltage, te(XT4) = 125 ns (see Figure 6) 













| TEST CONDITIONS | MIN TYP. MAX] UNIT 
teOKT)___ yee time of clock applied to XT eee SORE A 
iw(OS0S2H)_Pulbe duration, OS082 high ee ee 
iw(OS082L) Pulse duration, OSC32 low ee ee 
Te Mps rode 
tw(PXTALL) Pulse duration, PXTAL low ne 
‘Mopsmode | 48 SS—~*dSCs 
‘Mbps mode | 10—S~C 
t Pulse duration, PXTAL high 
sia wtp mode as 
16-Mbps mode 
tw(RCLKL) Pulse duration, RCLK low | : , ee 
‘Mbpsmode | 46 SSSC*dCs 
16-Mbps mode 
tw(RCLKH) Pulse duration, RCLK high : [ons 
[—ewopsmode +46 SCC 
tsu(RCVR) __ Setup time, RCVR valid to RCLK rising edge | __16-Mbps mode ee oe 
th(RCVR) __ Hold time, RCVR valid after RCLK rising edge 16-Mbps mode _— ee ee 





— f—Pt-_ tw(PXTALH) 
! | \¢————>—_ tw(PXTALL) 


| | 2V 
PXTAL / \ V/ \ osy 


tw(OSC32H) 
! ! > tw(OSC32L) 
| 


| | | 2V 
OSC32 ] \ / \ hea 


aaa tw(RCLKH) 
! ! \¢————_>-_ tw(RCLKL) 


| | av 



















RCLK | | | 
4 0.8 me 
—- tsu(RCVR) 
| ae th(RCVR) | 
ROVE KRY RNY ae 





Figure 6. PXTAL, RCLK, and RCVR Timing 
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IEEE 802.5 and IBM Token-Ring Network™ 
Compatible 


IEEE 802.3 and Blue Book Ethernet™ 
Network Compatible 


Pin and Software Compatible With the 
TMS380C16 


Configurable Network Type and Speed: 

— Selectable by Host Software Control 
(Adapter-Control Register) 

— Selectable by Network Front-End 

— Readable from Host (Adapter-Control 
Register) 


Token-Ring Features 

~ 16- or 4-Mbps Data Rates 

— Supports up to 18K-Byte Frame Size 
(16-Mbps Operation Only) 

— Supports Universal and Local Network 
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Low-Cost Host-Slave I/O Interface Option 
Up to 32-Bit Host Address Bus 
Selectable Host System-Bus Options 


80x8x or 68xxx-Type Bus and Memory 
Organization 

— 8- or 16-Bit Data Bus on 80x8x Buses 
— Optional Parity Checking 


Dual-Port DMA and Direct I/O Transfers to 
Host Bus 


Specification for External Adapter-Bus 
Devices (SEADs) Supports External 
Hardware Interface for User-Defined 
External Logic 


Enhanced-Address-Copy-Option (EACO) 
Interface Supports External Address 
Checking Logic for Bridging or External 
Custom Applications 


Addressing ® Support for Module High-Impedanc 
— Early Token-Release Option (16-Mbps ats Sol Testing " , 
Operation Only) 


— Compatible With the TMS38054 


Ethernet Features 

— 10-Mbps Data Rate 

— Compatible With Most Ethernet 
Serial-Network-Interface Devices 

— Full-Duplex Ethernet Operation Allows 
Network Speed Self-Test Feature 


Expandable Local LAN-Subsystem Memory 
Space up to 2 Megabytes 


Supports Multicast Addressing of Network 
Group Addresses Through Hashing 


® Built-in Real-Time Error Detection 


Bring-Up and Self-Test Diagnostics With 
Loopback 


Automatic Frame-Buffer Management 
Slow-Clock Low-Power Mode 

Single 5-V Supply 

1-um CMOS Technology 

250-mA Typical Latch-Up Immunity at 25°C 
ESD Protection Exceeds 2000 V 

132-Pin Plastic Quad Flat Package 


@ Glueless Interface to DRAMs (PQ Suffix) 
: 
© High-Performance 16-Bit CPU for ae cae A aaa Range 


Communications-Protocol Processing 


Up to 8-Mbps High-Speed Bus Master DMA 
Interface 












Attached 






LAN Subsystem 






Token-Ring or 






Transmit 


















Ethernet To 
er TMS380026 | 4” | physical-Layer Network 


Figure 1. Network-Commprocessor Applications Diagram 


IBM and Token-Ring Network are trademarks of International Business Machines Corp. 


Ethernet is a trademark of Xerox Corporation. 
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pin assignments 


PQ PACKAGE 
(TOP VIEW) 


EXTINTO | 
EXTINT1 
EXTINT2 
EXTINT3 
MADH2 
MADH3 
Vss3 
MADH4 
MADHS5 

1] MADH6 

1201] MADH7 

1191] MBEN 














VDD3 


1311] MBGQ 
1301) MAXPH 


128 
127 
126 
125 
124 
123 
122 
121 
























SINTR/SIRQ [] 36 
SHLDA/SBGR [] 37 
' - SDDIR [38 
SRAS/SAS [] 39 
SWR/SLDS [] 40 
Vssi 4) 41 

SXAL {] 42 
SALE [] 43 
SBCLK [] 44 
SADL7 [] 45 
SADLE6 [] 46 
SADL5 {] 47 
SADL4 [} 48 
SADL3 [] 49 














Vpps [9 50 84 7] 
An SZSBSBSERBSSSCIESSSSESESSEREKCREKRRERRGSBB 
, oe pe pee eee ee ee ees es 9 2 ees a ee 9 ee ees 9 ee ee 2 ee eee ee ee ee eee eee ee ss ee 2 ee 2 eee ees ee 
\ w © «al ~~ © aoOoOoOWMeTFONnN eK OW TON. © ual | 

EBAITSalSslglSlS|IBGZEELLSRSSPELLTELLLLCRLCLSS54a 
HaAa gS Zils NNNDNDDHDLY 
OeiMAit/onoOgnngMAAADAADA Lean 
> ait (PCO A” eaas>er> aaaaqcacaqawwbwnug ess 
QO SE Fla®%aq 2a GHGHHGGEFrEFERE™S 
cir Qle x< 
ja oO” 
Gln a 
oO 
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description 


The TMS380C26 is a single-chip network-communications processor (commprocessor) that supports 
token-ring or Ethernet local area networks (LANs). Either token ring at data rates of 16 Mbps or 4 Mbps, or 
Ethernet at a data rate of 10 Mbps, can be selected. A flexible configuration scheme allows network type and 
speed to be configured by hardware or software. This allows the design of LAN subsystems that support both 
token-ring and Ethernet networks by electrically or physically switched network front-end circuits. 


The TMS380C26 conforms to IEEE 802.5-1989 standards and has been verified to be completely IBM™ 
Token-Ring compatible. By integrating the essential control building blocks needed on a LAN-subsystem card 
into one device, the TMS380C26 can ensure that this IBM compatability is maintained in silicon. 


The TMS380C26 conforms to ISO/IEC 8802-3 (ANSI/IEEE Std 802.3) CSMA/CD standards and the Ethernet 
Blue Book standard. 


The high degree of integration of the TMS380C26 makes it a virtual LAN subsystem on a single chip. Protocol 
handling, host-system interfacing, memory interfacing, and communications processing are all provided 
through the TMS380C26. To complete LAN-subsystem design, only the network-interface hardware, local 
memory, and minimal additional components such as PALs and crystal oscillators need to be added. 


The TMS380C26 provides a 32-bit system-memory address reach with a high-speed bus-master DMA interface 
that supports rapid communications with the host system. In addition, the TMS380C26 supports direct I/O and 
a low-cost 8-bit pseudo-DMA interface that requires only a chip select to work directly on an 80x8x 8-bit slave 
I/O interface. Finally, selectable 80x8x or 68xxx-type host-system bus and memory organization add to design 
flexibility. 


The TMS380C26 supports addressing for up to 2M bytes of local memory. This expanded memory capacity can 
improve LAN-subsystem performance by minimizing the frequency of host LAN-subsystem communications by 
allowing larger blocks of information to be transferred at one time. The support of large local memory is important 
in applications that require large data transfers (such as graphics or data-base transfers) and in heavily loaded 
networks where the extra memory can provide data buffers to store data until it can be processed by the host. 


The proprietary CPU used in the TMS380C26 allows protocol software to be downloaded into RAM or stored 
in ROM in the local-memory space. By moving protocols (such as LLC) to the LAN-subsystem, overall system 
performance is increased. This is accomplished due to the the offloading of processing from the host system 
to the TMS380C26, which can also reduce LAN-subsystem-to-host communications. As other protocol software 
is developed, greater differentiation of end products with enhanced system performance is possible. 


In addition, the TMS380C26 includes hardware counters that provide real-time error detection and automatic 
frame-buffer management. These counters control system-bus retries, burst size, and track host and 
LAN-subsystem buffer status. Previously, these counters needed to be maintained in software. By integrating 
them into hardware, software overhead is removed and LAN-subsystem performance is improved. 


The TMS380C26 implements a Tl-patented enhanced-address-copy-option (EACO) interface. This interface 
supports external address-checking devices, such as the TMS380SRA source-routing accelerator. The 
TMS380C26 has a 128-word external I/O space in its memory map to support external address-checker devices 
and other hardware extensions to the TMS380 architecture. Hardware designed in conformance with Tl’s 
specification for external adapter-bus devices (SEADs) can map registers into this external I/O space and post 
interrupts to the TMS380C26. 


The major blocks of the TMS380C26 include the communications processor (CP), system interface (SIF), 
memory interface (MIF), protocol handler (PH), clock generator (CG), and the a acl function (ASF) 
as shown in the functional block diagram. 


The TMS380C26 is available in a 132-pin plastic quad flat pack and is characterized for operation from 0°C 
to 70°C. 


IBM is a registered trademark of International Business Machines Corporation. 
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description (continued) 


The TMS380C26 has a bus interface to the host system, a bus interface to local memory, and an interface to 
the physical-layer circuitry. Pin names starting with the letter S attach to the host-system bus and pin names 


starting with the letter M attach to the local-memory bus. Active-low signals have names with overbars, e.g., 


SCS. 


functional block diagram 




















SADHO Memory MADHO. 
° Interface ° 
SADH7 nue) MADH7 
SADLO : in MADLO 
: e DIO Control DRAM Refresh ° 
SADL7 ¢ Bus Control Local Bus MADL7 
e DMA Control Arbitrator led ee 
SPH Local Bus MRAS 
SPL Control MCAS 
SBRLS Local MAXPH 
SINTR/SIRQ Parity Check/ MAXPL 
SDDIR Generator MW 
SDBEN MOE 
SALE MDDIR 
SXAL MAL 
SOWN MAX0 
SIACK MAX2 
SBCLK MRESET 
SRD/SUDS MROMEN 
SWR/SLDS MBEN 
SRDY/SDTACK MBRQ 
SiI/M MBGR 
SHLDA/SBGR MACS 
SBHE/SRNW MBIAEN 
SRAS/SAS MREF 
S8/SHALT 
SRESET OSCIN 
SRSO Clock OSCOUT 
SRS1 Generator MBCLKi 
SRS2/SBERR (CG) MBCLK2 
SCS ) SYNCIN 
SRSX CLKDIV 
SHRQ/SBRQ NMI 
eect Adapter- EXTINTO 
BTSTRP Support e 
PRTYEN Function ° 
NSELOUTO (ASF) EXTINTS 
NSELOUT1 TESTO 
: e Interrupts : 
e Test Function e 
TEST5 
XMATCH 
XFAIL 
RCLK/RXC Protocol Handler (PH) FRAQ/TXD 
REDY/CRS for Token-Ring and - NSRT/LPBK 
WELT/COLL Ethernet Interface WRAP/TXEN 
RCVR/RXD DRVR 
PXTALIN/TXC DRVR 
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Pin Functions 


[PINNAME NO. [ vot | DESCRIPTION 


Bootstrap. The value on BTSTRP is loaded into the BOOT bit of the SIFACL register at reset (i.e., when 
SRESET is asserted or the ARESET bit in the SIFACL register is set) to form a default value. BTSTRP 
indicates whether chapters 0 and 31 of the memory map are RAM or ROM. If these chapters are RAM 
then the TMS380C26 is denied access to the local-memory bus until the CPHALT bit in the SIFACL 
register is cleared. 








BTSTRP 23 


Chapters 0 and 31 of local memory are RAM based (see Note 1). 
Chapters 0 and 31 of local memory are ROM based. 


Clock divider select. CLKDIV must be pulled high. 










CLKDIV 19 Indicates 64-MHz OSCIN (see Note 3) 


Reserved 

















EXTINTO 
EXTINT1 13 
EXTINT2 12 
EXTINTS3 






Reserved; must be pulled high (see Note 4) 


Reserved; must be tied low (see Note 2) 


Local-memory address, data and status bus — high byte. For the first quarter of the local-memory cycle 
these bus lines carry address bits AX4 and AO to A6; for the second quarter, they carry status bits; and 
for the third and fourth quarters, they carry data bits 0 to 7. The most significant bit is MADHO and the 
least significant bit is MADH7. 














Memory Cycle 
1Q 2Q 3Q 4Q 
AX4,A0-A6 Status DO-D7 DO-D7 


Local-memory address, data and status bus — low byte. For the first quarter of the local-memory cycle, 
these bus lines carry address bits A7 to A14; for the second quarter, they carry address bits AX4 and 
AO to A6; and for the third and fourth quarters, they carry data bits 8 to 15. The most significant bit is 
MADLO and the least significant bit is MADL7. 





Signal 



























Memory Cycle 
1Q 2Q 3Q 4Q 
Signal A7-A14 AX4,A0—-A6 D8-D15 D8-D15 


Memory-address latch. MAL is a strobe signal for sampling the address at the start of the memory 
cycle; it is used by SRAMs and EPROMs. The full 20-bit word address is valid on MAX0, MAXPH, 
MAX2, MAXPL, MADHO-MADH7, and MADLO-MADL/7. Three 8-bit transparent latches can be used | 
to retain a 20-bit static address throughout the cycle. 















Rising edge 
Falling edge 


No signal latching 
Allows the above address signals to be latched 








Local-memory-extended address bit. MAX0 drives AX0 at ROW address time and drives A12 at COL 
address and DATA time for all cycles. This signal can be latched by MRAS. Driving A12 eases 
interfacing to a BIA ROM. 





Memory Cycle 
1Q 2Q 3Q 4Q 


Signal AXO A12 A12 Ai2 





T | = input, O = output 

NOTES: 1. Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch or loads). 
2. Pin should be connected to ground. 
3. Pin should be tied to Voc with a 4.7-kQ puliup resistor. 
4. Each pin must be individually tied to Vcc with a 1-kQ pullup resistor. 
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Pin Functions (Continued) 


| PINNAME NO. | Wot DESCRIPTION 


Local-memory-extended address bit. MAX2 drives AX2 at ROW address time, which can be latched 
by MRAS, and A14 at COL address, and DATA time for all cycles. Driving A14 eases interfacing to a 
| BIA ROM. 
MAX2 112 . 
* Memory Cycle 
1Q 2Q 3Q 
Signal AX2 Ai4 A14 
| Local-memory-extended address and parity — high byte. For the first quarter of a memory cycle, 
: MAXPH carries the extended-address bit (AX1); for the second quarter of a memory cycle, MAXPH 
MAXPH 130 1/0 
MAXPL 1/0 


carries the extended-address bit (AX0); and for the last half of the memory cycle, MAXPH carries the 
MBEN 119 







parity bit for the high-data byte. 











Memory Cycle 
-1Q 2Q 3Q 4Q 
AX1 AX0 Parity Parity 


Local-memory-extended address and parity — low byte. For the first quarter of amemory cycle, MAXPL 
carries the extended-address bit (AX3); for the second quarter of a memory cycle, MAXPL carries 
extended-address bit (AX2); and for the last half of the memory cycle, MAXPL carries the parity bit for 
the low-data byte. 








Signal 









Memory Cycle 
1Q 2Q 3Q 4Q 
AX3 AX2 Parity Parity 


Local-bus clock 1 and local-bus clock 2. These signals are referenced for all local-bus transfers. 
MBCLK2 lags MBCLK1 by a quarter of a cycle. These clocks operate at 8 MHz for a 64-MHz OSCIN 
and 6 MHz for a 48-MHz OSCIN, which is twice the memory-cycle rate. The MBCLK signals are always 
a divide-by-8 of the OSCIN frequency. 


Buffer enable. MBEN enables the bidirectional buffer outputs on the MADH, MAXPH, MAXPL, and 
MADL buses during the data phase. This signal is used in conjunction with MDDIR, which selects the 
buffer output direction. 






Signal 











H Buffer output disabled 
L Buffer output enabled 


Reserved; must be left unconnected 


Burned-in address enable. MBIAEN is an output signal used to provide an output enable for the ROM 
containing the adapter’s burned-in address (BIA). 





MBGR 132 





MEINE ee H = This signal is driven high for any WRITE accesses to the addresses between >00.0000 and 


>00.000F, or any accesses (read/write) to any other address. 
L This signal is driven low for any READ from addresses between >00.0000 and >00.000F. 


Reserved; must be pulled high (see Note 4) 


Column-address strobe for DRAMs. The column address is valid for the 3/16 of the memory cycle 
following the row-address portion of the cycle. MCAS is driven low every memory cycle while the 
column address is valid on MADLO —- MADL7, MAXPH, and MAXPL, except when one of the following 
conditions occurs: 





MBRQ | 134 


1) When the address accessed is in the BIA ROM (>00.0000 — >00.000F) 


2) When the address accessed is in the EPROM memory map (i.e., when the BOOT bit in 
the SIFACL register is zero and an access is made between >00.0010 — >00.FFFF) 
or >1F.0000 — >1F.FFFF) 

3) When the cycle is a refresh cycle, in which case MCAS is driven at the start of the cycle before 
MRAS (for DRAMs that have CAS-before-RAS refresh). For DRAMs that do not support CAS- 
before-RAS refresh, it can be necessary to disable MCAS with MREF during the refresh 
cycle. 





T | = input, O = output 
NOTE 4: Each pin must be individually tied to Vcc with a 1-kQ pullup resistor. 
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Pin Functions (Continued) 


[PINNAME NO. [VOT DESCRIPTION 


Data direction. MDDIR is used as a direction control for bidirectional bus drivers. This signal becomes 
valid before MBEN becomes active. 
MDDIR 1 
Not a local-memory write cycle 


oa Local-memory write cycle 




















H TMS380C26 memory-bus write 
L TMS380C26 memory-bus read 


Memory output enable. MOE is used to enable the outputs of the DRAM memory during a read cycle. 
This signal is high for EPROM or BIA ROM read cycles. 







H = Disable DRAM outputs 
L = Enable DRAM outputs 


Row-address strobe for DRAMs. The row address lasts for the first 5/16 of the memory cycle. MRAS 
is driven low every memory cycle while the row address is valid on MADLO—MADL7, MAXPH, and 
MAXPL for both RAM and ROM cycles. It is also driven low during refresh cycles when the refresh 
address is valid on MADLO—MADL/7. 


DRAM refresh cycle in progress. MREF is used to indicate that a DRAM refresh cycle is occurring. It 
is also used for disabling MCAS to all DRAMs that do not use a CAS before-RAS refresh. 














H DRAM refresh cycle in process 
L Not a DRAM refresh cycle 


Memory-bus reset. MRESET is a reset signal generated when either the ARESET bit in the SIFACL 
register is set or SRESET is asserted. This signal is used for resetting external local-bus glue logic. 


















10 
18 
15 

MREF 02 

| MRESET 99 
05 
14 
07 
96 





H 
L 


ROM enable. During the first 5/16 of the memory cycle, MROMEN is used to provide a chip select for 
ROMs when the BOOT bit of the SIFACL register is zero (i.e., when code is resident in ROM, not RAM). 
It can be latched by MAL. MROMEN goes low for any read from addresses >00.0010 — >00.FFFF or 
>1F.0000-—>1F.FFFF when the BOOT bitin the SIFACL register is zero. MROMEN stays high for writes 
to these addresses, accesses of other addresses, or accesses of any address when the BOOT bit is 
one. During the final three quarters of the memory cycle, MROMEN outputs the A13 address signal 
for interfacing to a BIA ROM. This means MBIAEN, MAX0, ROMEN, and MAX2 together form a 
glueless interface for the BIA ROM. 


External logic not reset 
External logic reset 











H ROM disabled 
L ROM enabled 


Local-memory write. MW is used to specify a write cycle on the local-memory bus. The data on the 
MADHO — MADH7 and MADLO — MADL7 buses is valid while MW is low. DRAMs latch data on the 
falling edge MW, while SRAMs latch data on the rising edge of MW. 


MROMEN 


OSCIN 


OSCOUT 


T | = input, O = output 
NOTE 5: Pin has an expanded input voltage specification. 













H 
L 


Nonmaskable interrupt request. NMI must be left unconnected. 


External oscillator input. OSCIN provides the clock frequency to the TMS380C26 for a 4-MHz internal 
bus. OSCIN should be 64-MHz signal (see Note 5). 


Oscillator output. With OSCIN at 64 MHz and CLKDIV pulled high, OSCOUT provides an 8-MHz output 
that can be used by TMS3054 for 4-Mbps operation without the need for an additional crystal. 


MOE { 
MRAS 1 
1 
MROMEN 1 
MW 1 
1 









CLKDIV OSCOUT 
L Reserved (Reserved) 
H OSCIN/8 (if OSCIN = 64 MHz, then OSCOUT = 8 MHz) 
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Pin Functions (Continued) 


a DESCRIPTION | 


Parity enable. The value on PRTYEN is loaded into the PEN bit of the SIFACL register at reset (i.e., 
when SRESET is asserted or the ARESET bit in the SIFACL register is set) to form a default value. 
PRTYEN enables parity checking for the local memory. 


PINNAME NO. | Wot 


PRTYEN 22 a 
T | = input, O = output 


NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch or loads). 











H Locail-memory data bus checked for parity (see Note 1) 
L Local-memory data bus not checked for parity 


Network selection outputs. NSELOUTO and NSELOUT1 are controlled by the host through the 
corresponding bits of the SIFACTL register. The value of these bits/signals can only be changed 
while the TMS380C26 is reset. 
























NSELOUTO 


NSELOUT1 NSELOUTO NSELOUT1 Description 


L L Reserved 
H 16-Mbps token ring 

L Ethernet (802.3/blue book) 
H 4-Mbps token ring 








L 
H 
H 
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Pin Functions (Continued) 
System Interface — Intel Mode (SI/M = H) 


PIN NAME NO. Wot DESCRIPTION : 


System address/data bus—high byte (see Note 1). SADHO—-SADH7 make up the most significant byte 
of each address word (32-bit address bus) and data word (16-bit data bus). The most significant bit is 
SADHO, and the least significant bit is SADH7. 













Address multiplexing #: Bits 31 — 24 and bits 15 - 8 
Data multiplexing t: Bits 15-8 


System address/data bus—low byte (see Note 1). SADLO—SADL7 make up the least significant byte 
of each address word (32-bit address bus) and data word (16-bit data bus). The most significant bit is 
SADLO, and the least significant bit is SADL7. 














Address multiplexing+: Bits 23 - 16 and bits 7 — 0 
Data multiplexing +: Bits 7 — 0 





System address-latch enable. SALE is the enable pulse used to externally latch the 16 LSBs of the 
address from the SADHO — SADH7 and SADLO — SADL7 buses at the start of the DMA cycle. Systems 
that implement address parity can also externally latch the parity bits (SPH and SPL) for the latched 
address. 









System bus busy. The TMS380C26 samples the value on SBBSY during arbitration. The sample has 
one of (2) two values (see Note 1): 


Not busy. The TMS380C26 can become bus master if the grant condition is met. 
Busy. The TMS380C26 cannot become bus master. 


System bus clock. The TMS380C26 requires SBCLK to synchronize its bus timings for all DMA | 
sek at | | transfers 


System byte high enable. SBHE/SRNW is a 3-state output that is driven during DMA and an input at 
all other times. 
SBHE/SRNW 
SBRLS 30 - 


- . z 
- : a 


T | = input, O = output 
+ Typical bit ordering for intel and Motorola processor buses 
NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch or loads). 


























System byte high not enabled (see Note 1) 
System byte high enabled 


System bus release. SBRLS indicates to the TMS380C26 that a higher-priority device requires the 
system bus. The value on SBRLS is ignored when the TMS380C26 is not perfoming DMA. SBRLS is 
internally synchronized to SBCLK. 


















H 
L 


The TMS380C26 can hold onto the system bus (see Note 1). 
The TMS380C26 should release the system bus upon completion of current DMA cycle. If the 
DMA transfer is not yet complete, the SIF rearbitrates for the system bus. 








System chip select. SCS activates the system interface of the TMS380C26 for a DIO read or write. 





Not selected (see Note 1) 
Selected 


System data-bus enable. SDBEN signals to the external data buffers to begin driving data. SDBEN is 
activated during both DIO and DMA. 









Keep external data buffers in the high-impedance state 
Cause external data buffers to begin driving data 


H 
L 
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Pin Functions (Continued) 
System Interface — Intel Mode (SI/M = H) 


[PINNAME NO. | VOT. “DESCRIPTION —_ 


System data direction. SDDIR provides to the external data buffers a signal indicating the direction in 
which the data is moving. During DIO writes and DMA reads, SDDIR is low (data direction input to the 
TMS380C26). During DIO reads and DMA writes, SDDIR is high (data direction output from the 
TMS380C26). When the system interface is not involved in a DIO or DMA operation, then SDDIR is 
high by default. 






















SDDIR 38 











DATA 








SDDIR) DIRECTION DIO DMA 
H output read write © 
L input write read 


System hold acknowledge. SHLDA/SBGR indicates that the system DMA hold request has been 
acknowledged. SHLDA/SBGR is internally synchronized to SBCLK (see Note 1). 

Hold request acknowledged 
Hold request not acknowledged 


System hold request. SHRQ/SBRQ is used to request control of the system bus in preparation for a 
DMA transfer. SHRQ/SBRQ is internally synchronized to SBCLK. 





SHLDA/SBGR 37 

































SHRQ/SBRQ 56 
= System bus requested 
= System bus not requested 
System interrupt acknowledge. SIACK is from the host processor to acknowledge the interrupt request 
from the TMS380C26. 
Sek - = System interrupt not acknowledged (see Note 1) 
L = System interrupt acknowledged: the TMS380C26 places its interrupt vector onto the system 
bus. 
System Intel/Motorola mode select. The value on SI/M specifies the system-interface mode. 
SI/M 35 H = Intel-compatible interface mode selected. Intel interface can be 8-bit or 16-bit mode 
(see S8/SHALT pin description and Note 1). 
L = Motorola-compatible interface mode selected 
System interrupt request. TMS380C26 activates SINTR/SIRQ to signal an interrupt request to the host 
processor. 
SINTR/SIRQ 36 





H 
L 


System bus owned. SOWN indicates to external devices that TMS380C26 has control of the system 
bus. SOWN drives the enable signal of the bus transceiver chips, which drive the address and 
bus-control signals. 


Interrupt request by TMS380C26 
No interrupt request 























H = TMS380C26 does not have control of the system bus. 
L = TMS380C26 has control of the system bus. 


1/0 System parity high. The optional odd-parity bit for each address or data byte transmitted over 
SADHO — SADH7 (see Note 1). 


1/0 System parity low. The optional odd-parity bit for each address or data byte transmitted over 
SADLO — SADL7 (see Note 1). 





T | = input, O = output 
NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch or loads). 
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Pin Functions (Continued) 
System Interface — Intel Mode (SI/M = H) 


[PNNAME NO. | _1/0T DESCRIPTION 


System memory address strobe (see Note 3). SRAS/SAS is used to latch the SCS, SRSX — SRS2 
register input signals. In a minimum-chip system, SRAS is tied to SALE of the system bus. The latching 
capability can be defeated since the internal latch for these inputs remains transparent as long as 
SRAS remains high. This permits SRAS to be pulled high and the signals at the SCS, SRSX — SRS2, 
and SBHE to be applied independently of the SALE strobe from the system bus. During DMA, 
SRAS/SAS remains an input. 




















High = Transparent mode 
Low = Holds latched values of SCS, SRSX-SRS2, and SBHE 
Fallingedge = Latches SCS, SRSX — SRS2, and SBHE 


System read strobe (see Note 3). SRD/SUDS is the active-low strobe indicating that a read cycle is 
performed on the system bus. SRD/SUDS is an input during DIO and an output during DMA. 








H 
L 


Read cyle is not occurring. 
If DMA, host provides data to system bus. 
If DIO, SIF provides data to system bus. 


System bus ready (see Note 3). The purpose of SRDY/SDTACK is to indicate to the bus master that 
a data transfer is complete. This signal is asynchonous, but during DMA and pseudo-DMA cycles, it 
is internally synchronized to SBCLK. During DMA cycles, it must be asserted before the falling edge 
of SBCLK in state T2 in order to prevent a wait state. This signal is an output when the TMS380C26 
is selected for DIO, otherwise, it is an input. 



















SRDY/SDTACK 60 


H 
L 


System reset. SRESET is activated to place the TMS380C26 into a known initial state. Hardware reset 
puts most of the TMS380C26 outputs into the high-impedance state and places all blocks into the reset | 
state. DMA bus width selection is latched on the rising edge of SRESET. 


System bus not ready 
Data transfer is complete; system bus is ready. 




















SRESET 25 






H 
L 
Rising edge 


No system reset 
System reset 
Latch bus width for DMA operation 


System register select. These inputs select the word or byte to be transferred during a system DIO 
access. The most significant bit is SRSX and the least significant bit is SRS2 (see Note 1). 
















SRSX 28 
SRSO 27 
SRS1 26 
SRS2/SBERR 33 















MSb LSb 
Registered selected = SRSX SRSO SRS1 SRS2/SBERR 


System write strobe (see Note 3). SWR/SLDS serves as an active-low write strobe. SWR/SLDS is 
an input during DIO and an output during DMA. 
















Write cycle is not occurring. 
If DMA, data to be driven from SIF to host bus. 
If DIO, on the rising edge, the data is latched and written to the selected register. 


System-extended-address latch. SXAL provides the enable pulse used to externally latch the most 
significant 16 bits of the 32-bit system address during DMA. SXAL is activated prior to the first cycle 
of each block DMA transfer, and thereafter as necessary (whenever an increment of the DMA address 
counter causes a Carry-out of the lower 16 bits). Systems that implement parity on addresses can use 
SXAL to externally latch the parity bits (available on SPL and SPH) for the DMA address extension. 


H 
L 


T | = input, O = output 
NOTES: 1. Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch or loads). 
3. Pin should be tied to Vcc with a 4.7-kQ pullup resistor. 
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Pin Functions (Continued) 
System Interface — Intel Mode (SI/M = H) 


_ DESCRIPTION 
Reserved. SYNGIN must be left unconnected (see Note 1). 


System 8/ 16-bit bus select. S8/SHALT selects the bus width used for Gonnviunications through the 
system interface. On the rising edge of SRESET, the TMS380C26 latches the DMA bus width; 
otherwise the value on this pin dynamically selects the DIO bus width. 








parame vo [ oF 


SYNCIN 


2 oe 
‘$8/SHALT in 


tT | = input, O = output 
NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch or loads). 















H = Selects 8-bit mode (see Note 1) 
L = Selects 16-bit mode 
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Pin Functions (Continued) 
System Interface — Motorola Mode (SI/M = L) 


[snnane wo. T1708 DESCRIPTION 


nee address /data bus —high byte (see Note 1). SADHO—SADH7 make up the most significant byte 
of each address word (32-bit address bus) and data word (16-bit data bus). The most significant bit is 
SADHO, and the least significant bit is SADH7. 


Address multiplexing +: Bits 31 - 24 and bits 15 - 8 
Data multiplexing: Bits 15 — 8 


System address /data bus—low byte (see Note 1). SADLO—SADL7 make up the least significant byte 
of each address word (32-bit address bus) and data word (16-bit data bus). The most significant bit is 
SADLO, and the least significant bit is SADL7. 


Address multiplexing: Bits 23 — 16 and bits 7 — 0 
Data multiplexing #: Bits 7 — 0 


System address-latch enable. SALE is the enable pulse used to externally latch the 16 LSBs of the 
address from the SADHO — SADH7 and SADLO — SADL7 buses atthe start of the DMA cycle. Systems 
that implement address parity can also externally latch the parity bits (SPH and SPL) for the latched 


System bus busy. The TMS380C26 samples the value on SBBSY during arbitration. The sample has 
one of (2) two values (see Note 1): 


Not busy. The TMS380C26 can become bus master if the grant condition is met. 
Busy. The TMS380C26 cannot become bus master. 


System read not write. SBHE/SRNW serves as a control signal to indicate a read or write cycle. 


Read cycle (see Note 1) 

Write cycle 
System bus release. SBRLS indicates to the TMS380C26 that a higher-priority device requires the 
system bus. The value on SBRLS is ignored when the TMS380C26 is not performing DMA. SBRLS 
is internally synchronized to SBCLK. 


H The TMS380C26 can hold onto the system bus (see Note 1). 
L The TMS380C26 should release the system bus upon completion of current DMA cycle. If the 
DMA transfer is not yet complete, the SIF rearbitrates for the system bus. 


System chip select. SCS activates the system interface of TMS380C26 for a DIO read or write. 


Not selected (see Note 1) 
Selected 


System data-bus enable. SDBEN signals to the external data buffers to begin driving data. SDBEN is 
activated during both DIO and DMA. 


Keep external data buffers in the high-impedance state 
Cause external data buffers to begin driving data 





T | = input, O = output 
+ Typical bit ordering for Intel and Motorola processor buses. 
NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch or loads). 
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Pin Functions (Continued) 
System Interface — Motorola Mode (SI/M = L) 


[PINNAME NO. | 1oT DESCRIPTION 


System data direction. SDDIR provides to the external data buffers a signal indicating the direction in 
which the data is moving. During DIO writes and DMA reads, SDDIR is low (data direction input to the 
TMS380C26). During DIO reads and DMA writes, SDDIR is high (data direction output from the 
TMS380C26). When the system interface is not involved in a DIO or DMA operation, SDDIR is hig 
by default. : 







SDDIR 38 








DATA 
SDDIR DIRECTION DIO DMA 
H output read write 






L read 


System bus grant. SHLDA/SBGR serves as an active-low bus grant as defined in the standard 68000 
interface and is internally synchronized to SBCLK (see Note 1). 


input write 





SHLDA/SBGR 37 
H System bus not granted 
L System bus granted 


System bus request. SHRQ/SBRQ is used to request control of the system bus in preparation for a 
DMA transfer. SHRQ/SBR@Q is internally synchronized to SBCLK. 

SHRQ/SBRQ 56 
H = System bus not requested 
L = System bus requested 


System interrupt acknowledge. SIACK is from the host processor to acknowledge the interrupt request 
from the TMS380C26. 

a8 System interrupt not acknowledged (see Note 1) 

System interrupt acknowledged: The TMS380C26 places its interrupt vector onto the system 
bus. 





System Intel/Motorola mode select. The value on SI/M specifies the system-interface mode. 





SI/M 35 Intel-compatible interface mode selected | 


Motorola-compatible interface mode selected. Motorola interface mode is always 16 bits. 


System interrupt request. TMS380C26 activates SINTR/SIRQ to signal an interrupt request to the host 
processor. | 





uot 





| 


3 
> 
© 
~A 


SINTR/SIR 


Oo 


36 
H No interrupt request 
L Interrupt request by TMS380C26 


System bus owned. SOWN indicates to external devices that TMS380C26 has control of the system 
bus. SOWN drives the enable signal of the bus transceiver chips that drive the address and bus-control 
SOWN 59 signals. 

H TMS380C26 does not have control of the system bus. 

L TMS380C26 has control of the system bus. 


System parity high. The optional odd-parity bit for each address or data byte transmitted over 





ore: be 1/0 | SADHO - SADH7 (see Note 4). 

SPL 55 1/0 System parity low. The optional odd-parity bit for each address or data byte transmitted over 
SADLO — SADL7 (see Note 1). ; | 
System-memory address strobe (see Note 3). SRAS/SAS is an active-low address strobe that is an 
input during DIO (although ignored as an address strobe) and an output during DMA. 

SRAS/SAS 39 1/O | 


H Address not valid . 
L Address is valid and a transfer operation is in progress. 





T | = input, O = output . 
NOTES: 1. Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch or loads). 
3. Pin should be tied to Vcc with a 4.7-kQ pullup resistor. 
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Pin Functions (Continued) 
System Interface — Motorola Mode (SI/M = L) 


[PINNAME NO. | _1/0t DESCRIPTION 


Upper data strobe (see Note 3). SRD/SUDS serves as the active-low upper data strobe. SRD/SUDS 
is an input during DIO and an output during DMA. 


H Not valid data on SADHO — SADH7 lines 
L Valid data on SADHO — SADH7 lines 


System-data-transfer acknowledge (see Note 3). The purpose of SRDY /SDTACK is to indicate to the 

bus master that a data transfer is complete. This signal is internally synchronized to SBCLK. During 

. DMA cycles, it must be asserted before the falling edge of SBCLK in state T2 in order to prevent a wait 

SRDY/SDTACK state. This signal is an output when the TMS380C26 is selected for DIO; otherwise it is an input. 


H = System bus not ready 
L = Data transfer is complete; system bus is ready. 


System reset. SRESET is activated to place the adapter into a known initial state. Hardware reset puts 
most of the TMS380C26 output pins into the high-impedance state and places all blocks into the reset 
SRESET state. 
H No system reset 
L System reset 


| System register select. SRSX-—SRSO select the word or byte to be transferred during a system DIO 
access. The most significant bit is SRSX and the least significant bit is SRS1 (see Note 1). 


MSb LSb 
Register selected = SRSX SRSO SRS1 


Bus error. SRS2/SBERR corresponds to the bus-error signal of the 68000 microprocessor and is 
internally synchronized to SBCLK. SRS2/SBERR is driven low during a DMA cycle to indicate to the 
TMS380C26 that the cycle must be terminated [see Section 3.4.5.3 of the TMS380 Second-Generation 
Token Ring User’s Guide (SPWU005) for more information (see Note 1)]. 


Lower data strobe (see Note 3). SWR/SLDS is an input during DIO and an output during DMA. 
SWR/SLDS serves as the active-low lower data strobe. 
SWR/SLDS 40 
H Not valid data on SADLO — SADL7 lines 
ie Valid data on SADLO-—SADLZ7 lines 


System-extended-address latch. SXAL provides the enable pulse used to externally latch the most 
significant 16 bits of the 32-bit system address during DMA. SXAL is activated prior to the first cycle 
1 SXAL 42 of each block DMA transfer, and thereafter as necessary (whenever an increment of the DMA address 
counter causes a carry-out of the lower 16-bits). Systems that implement parity on addresses can use 
SXAL to externally latch the parity bits (available on SPL and SPH) for the DMA address extension. 


Reserved. SYNCIN must be left unconnected (see Note 1). 


System halt/bus error retry. If S8/SHALT is asserted along with bus errror (SBERR), the adapter 
retries the last DMA cycle. This is the rerun operation as defined in the 68000 specification. The 
BERETRY counter is not decremented by SBERR when SHALT is asserted [see Section 3.4.5.3 of the 
TMS380 Second-Generation Token Ring User’s Guide (SPWU005) for more information]. 


$8/SHALT 





tT | = input, O = output 
NOTES: 1. Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch or loads). 
3. Pin should be tied to Vcc with a 4.7-kQ pullup resistor. 
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Pin Functions (Continued) 
Network Media Interface — coke ne Mode (T EST1 =H, TEST2 = H) 


EN NAME DESCRIPTION , | 


Differential driver data output. DRVR and DRVR are the differential outputs that send the TMS380C16 
transmit data to the TMS38054 for driving onto the ring-transmit-signal pair. 
FRAQ/TXD 
NSRT/LPBK 


| PXTALIN/TXC — 92 


RCLK/RXC 


| ROVR/ RXD 
WFLT/COLL 
WRAP/TXEN 


T | = input, O = output 
NOTE 5: Pin has an expanded input voltage specification. 


















Co © 
| 


+ 









Frequency acquisition control. FRAQ/TXD determines the use of frequency or phase-acauisition 
mode in the TMS38054. 







Wide range. Frequency centering to PXTALIN by TMS38054. 
Narrow range. Phase lock onto the incoming data (RCVINA and RCVINB) by the | 
TMS38054. 


Insert control signal to the TMS38054. NSRT/LPBK enables the phantom-driver outputs (PHOUTA 
and PHOUTB) of the TMS38054, through the watchdog timer, for insertion onto the token ring. 


H 
L 


Static high Inactive, phantom current removed (due to watchdog timer) 
Static low Inactive, phantom current removed (due to watchdog timer) 


NSRT low and pulsed high . Active, current output on PHOUTA and PHOUTB 


Ring-interface clock-frequency control (see Note 5). At 16-Mbps ring speed, PXTALIN/TXC must be 
supplied a 32-MHz signal. At 4-Mbps ring speed, the PXTALIN/TXC must be 8-MHz and can be the 
output from OSCOUT. 


Ring-interface recovered clock (see Note 5). RCLK/RXC is the clock recovered by the TMS38054 
from the token-ring received data. 
















For 16-Mbps operation, it is a 32-MHz clock. 
For 4-Mbps operation, it is an 8-MHz clock. 


Ring-interface received data (see Note 5). RCVR/RXD contains the data received by the TMS38054 
from the token-ring. 
















Ring-interface ready. REDY/CRS provides an indication of the presence of received data as monitored 
by the TMS38054 energy-detect capacitor. 


H Not ready. Ignore received data. 
L Ready. Received data. 


Wire-fault detect. WFLT/COLL is an input to the TMS380C16 driven by the TMS38054 and indicates 
a current imbalance of the TMS38054 PHOUTA and PHOUTB pins. 










H No wire fault detected 
L Wire fault detected 


Internal wrap select. WRAP/TXEN is an output from the TMS380C16 to the ring interface to activate 
an internal attenuated-feedback path from the transmitted data (DRVR) to receive data (RCVR) signals 
for bring-up diagnostic testing. When active, the TMS38054 also cuts off the current drive to the 
transmission pair. 













H 
L 


Normal ring operation 
Transmit data drives receive data (loopback) 
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Pin Functions (Continued) 
Network Media Interface — Ethernet Mode (TEST1 = L, TEST2 = H) 


[PINNAME NO. | 1ot DESCRIPTION 


DRVR 89 c- DRVR and DRVR have no Ethernet function. In Ethernet mode, these pins are placedin their token-ring 
DRVR 88 
















reset state of DRVR = high, DRVR = low. 









Ethernet transmit data. FRAQ/TXD provides the Ethernet physical-layer circuitry with bit rate from the 
TMS380C26. Data on this pin is output synchronously to the transmit clock TXC. It is normally 
connected to TXD of an Ethernet serial network interface (SNI) chip. 


Loopback. NSRT/LPBK enables loopback of Ethernet transmit data through the Ethernet SN! device 
to receive data. 


FRAQ/TXD 85 


NSRT/LPBK 86 po 

























H 
L 


Ethernet transmit clock. PXTALI/TXC is a 10-MHz clock input used to synchronize transmit data from 
the TMS380C26 to the Ethernet physical-layer circuitry. This is a continuously running clock and is 
normally connected to TXC of an Ethernet SNI chip (see Note 5). 


Wrap through the front end device 
Normal operation 


PXTALI/TXC 92 










Ethernet receive clock. RCLK/RXC is a 10-MHz clock input used to synchronize received data from 
the Ethernet physical-layer circuitry to the TMS380C26. This clock must be present when CRS is active 
(although it can be held low for a maximum of 16 clock cycles after the rising edge of CRS). When CRS 
is inactive it is permissable to hold this clock in a low phase. It is normally connected to RXC of an 
Ethernet SNI chip. The TMS380C26 requires RCLK/RXC to be maintained in the low state when CRS 
is not asserted (see Note 5). 


Ethernet received data. RCVR/RXD provides the TMS380C26 with bit-rate network data from the 
| Ethernet front-end device. Dataon RCVR/RXD must be synchronous with the receive clock RXC and 


<3 is normally connected to RXD of an Ethernet SNI chip (see Note 5). 
REDY/CRS 84 a 


RCLK/RXC 94 








RCVR/RXD 95 












circuitry has network data present on RXD. REDY/CRS is asserted high when the first bit of the frame 
is received and is deasserted after the last bit of the frame is received. 


H Receiving data 
L No data on network 


Ethernet collision detect. WFLT/COLL indicates to the TMS380C26 that the Ethernet physical-layer 
circuitry has detected a network collision. This signal must be present for at least two TXC clock cycles 
to ensure it is accepted by the TMS380C26 and is normally connected to COLL of an Ethernet SNI chip. 
WFLT/COLL can also be an indication of the SQE test signal. 















Ethernet carrier sense. REDY/CRS indicates to the TMS380C26 that the Ethernet physical-layer 
FLT/COLL 87 


= 


H 
L 


Ethernet transmit enable. WRAP/TXEN indicates to the Ethernet physical-layer circuitry that bit-rate 
data is present on TXD. WRAP/TXEN is output synchronously to TXC and is normally connected to 
TXE of an Ethernet SNI chip. 


COLL detected by the SNI device 
Normal operation 











‘WRAP/TXEN 90 


H 
L 


Data line currently contains data to be transmitted 
No valid data on TXEN 





T {= input, O = output 
NOTE 5: Pin has an expanded input voltage specification. 
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Pin Functions (Continued) 


[ PINNAME NO. | Wot | ; DESCRIPTION ) | 


| Network select inputs. TEST 0 — TEST2 are used to select the network speed and type to be used by 
| the TMS380C26. These inputs should only be changed during adapter reset. 

















TEST2 





|TESTO TEST1 Description 
H Reserved 
H 16-Mbps token ring 

H - Ethernet (802.3/blue book) 
H .  4-Mbps token ring 

0 Reserved 


Test pin inputs. TEST3 — TEST5 should be left unconnected (see Note 1). 
Module-in-place test mode is achieved by tying TEST 3 and TEST 4 to ground. In this mode, all 
| TMS380C26 output pins are in the high-impedance state: Internal pullups on all TMS380C26 inputs 
are disabled (except TEST3 — TESTS). 


External fail-to-match signal. An enhanced-address-copy-option (EACO) device uses XFAIL to | 
indicate to the TMS380C26 that it should not copy the frame nor set the ARI/FCI in bits in a token-ring 
frame due to an external address match. The ARI/FCI bits in a token-ring frame can be set due to an 
internal address-matched frame. If an EACO device is not used, XFAIL must be left unconnected. 






































| XFAIL XFAIL is ignored when CAF mode is enabled [see table given below in XMATCH description 
(see Note 1)]. 
H = No address match by external address checker 
1L = External address-checker-armed state 
External match signal. An EACO device uses XMATCH to indicate to the TMS380C26 to copy the 
frame and set the ARI/FCI bits in a token-ring frame. If an EACO device is not used, XMATCH must 
be left unconnected. XMATCH is ignored when CAF mode is enabled (see Note 1). 
H = Address match recognized by external address checker 
|L = External address-checker-armed state — 
XMATCH 81 XMATCH XFAIL —_—- Function 
0 0 Armed (processing frame data) 
0 1 Do not externally match the frame (XFAIL takes precedence) 
1 0 Copy the frame 
1 1 Do not externally match the frame (XFAIL takes precedence) 


Hi-Z Reset state (adapter not initialized) 







Positive-supply voltage for digital logic. All Vpp pins must be attached to the common-system | 
power-supply plane. 










| Positive-supply voltage for ot cal buffers. All Vpp pins must be attached to the common-system 
power-supply plane. 










| Ground reference for stput buffers (clean groune): All Vss pins must be attached to the 
common-system ground plane. 





Ground reference for input buffers. All Vsg pins mustbe attached to the common-system ground plane. 


NOTE 1: Pin has an internal pullup device to maintain a high-voltage level when left unconnected (no etch or loads). 


VSsI 117 
T | = input, O = output 
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Pin Functions (Continued) 


| _PINNAME NO. | Wot | DESCRIPTION 


- a Ground reference for digital logic. All Vss pins must be attached to the common-system ground plane. 


Ground connections for output buffers. All Vs pins must be attached to system-ground plane. 





T | = input, O = output 
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The major blocks of the TMS380C26 include the communications processor (CP), system interface (SIF), 
memory interface (MIF), protocol handler (PH), clock generator (CG), and the adapter-support function (ASF). 
The functionality of each block is described in the following sections. 


communications processor (CP) 


The CP performs the control and monitoring of the other functional blocks in the TMS380C26. The control and 
monitoring protocols are specified by the software (downloaded or ROM based) in local memory. Available 
protocols include: 


@ Media access control (MAC) software 
®@ Logical link control (LLC) software (token-ring version only) 
® Copy all frames (CAF) software 


The CP is a proprietary 16-bit central processing unit (CPU) with data cache and a single prefetch pipe for 
pipelining of instructions. These features enhance the TMS380C26’s maximum performance capability to about 
4 million instructions per second (MIPS) with an average of about 2.5 MIPS. 


system interface (SIF) 


The SIF performs the interfacing of the LAN subsystem to the host system. This interface may require additional 
logic depending on the application. The system interface can transfer information/data using any of these three 
methods: | 


@ Direct memory access (DMA) 
@ Direct input/output (DIO) | 
@ Pseudo-direct memory access (PDMA) 


DMA (or PDMA) is used to transfer all data to/from host memory from/to local memory. The main uses of DIO 
are for loading the software to local memory and for initializing the TMS380C26. DIO also allows 
command/status interrupts to occur to and from the TMS380C26. : 


The system interface can be hardware selected for either of two modes by use of SI/M. The mode selected 
determines the memory organizations and control signals used. These modes are: 


© The Intel 80x8x families: 8-, 16-, and 32-bit bus members 
@ The Motorola 68000 microprocessor family: 16- and 32-bit bus members 


The system interface supports host-system memory addressing up to 32 bits (32-bit reach into the host-system 
memory). This allows greater flexibility in using/accessing host-system memory. 


System designers are allowed to customize the system interface to their particular bus by: 

@ Programmable burst transfers or cycle-steal DMA operations 

@ Optional parity protection 

These features are implemented in hardware to reduce system overhead, facilitate automatic rearbitration of 
the bus after a burst, or repeat a cycle when errors occur (parity or bus). Bus retries are also supported. 


The system-interface hardware also includes features to enhance the integrity of the TMS380C26 and the data. 
These features include the following: 


@ Always internally maintain odd-byte parity regardless if parity is disabled 
@ Monitor for the presence of a clock failure 


On every cycle, the system interface compares all the system clocks to a reference clock. If any of the clocks 
become invalid, the TMS3880C26 enters the slow-clock mode, which prevents latch-up of the TMS380C26. If 
the SBCLK is invalid, any DMA cycle is terminated immediately; otherwise, the DMA cycle is completed and the 
TMS380C26 is pane in slow-clock mode. 
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system interface (SIF) (continued) 


When the TMS380C26 enters the slow-clock mode, the clock that failed is replaced by a slow free-running clock 
and the device is placed into a low-power reset state. When the failed clock(s) return to valid operation, the 
TMS380C26 must be reinitialized. 


Using DMA, a continuous transfer rate of 64 Mbits per second (8 MBps) can be obtained. For pseudo-DMA, a 
continuous transfer rate of 48 Mbps (6 MBps) can be obtained when using a 16-MHz clock. Since the main 
purpose of DIO is for downloading initialization, the DIO transfer rate is not a significant issue. For comparison, 
the ISA bus continuous DMA transfer is rated for approximately 23 Mbps. 


memory interface (MIF) 


The MIF performs the memory management to allow the TMS380C26 to address 2M bytes in local memory. 
Hardware in the MIF allows the TMS380C26 to be directly connected to DRAMs without additional circuitry. This 
glueless DRAM connection includes the DRAM refresh controller. The MIF also handles all internal bus 
arbitration between these blocks. When required, the MIF then arbitrates for the external bus. 


The MIF is responsible for the memory mapping of the CPU of a task. The memory map of DRAMs, EPROMs, 
burned-in addresses (BIA), and external devices are appropriately addressed when required by the system 
interface (SIF), protocol handler (PH), or for a DMA transfer. 


The memory interface is capable of a 64-Mbps continuous transfer rate when using a 4-MHz local bus (64-MHz 
device crystal). 


protocol handler (PH) 


The PH performs the hardware-based real-time protocol functions for a token-ring or Ethernet LAN. Network 
type is determined by TESTO —TEST2. Token-ring network is determined by software and can be either 
16 Mbps or 4 Mbps. These speeds are not fixed by the hardware but by the software. 


The PH converts the parallel-transmit data to serial-network data of the appropriate coding and converts the 

received serial data to parallel data. The PH data-management state machines direct the 

transmission/reception of data to/from local memory through the MIF. The PH buffer-management state 

machines automatically oversee this process, directly sending / receiving linked lists of frames without CPU 
' intervention. 


The protocol handler contains many state machines which provide the following features: 


Transmit and receive frames 

Capture tokens (token ring) 

Provide token-priority controls (token ring) 

Automatic retry of frame transmissions after collisions (Ethernet) 

Implement the random exponential backoff algorithm (Ethernet) 

Manage the TMS380C26 buffer memory 

Provide frame-address recognition (group, specific, functional, and multicast) 
Provide internal parity protection 

Control and verify the physical-layer circuitry-interface signals 


Integrity of the transmitted and received data is assured by cyclic redundancy checks (CRC), detection of 
network data violations, and parity on internal data paths. All data paths and registers are optionally 
parity-protected to assure functional integrity. 
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adapter support function (ASF) 
The ASF performs support functions not contained in the other blocks. The features are: 


@ The TMS380C26 base timer 

Identification, management, and service of internal and external — 
Test-pin mode control, including the unit-in-place mode for board testing 
Checks for illegal states, such as illegal opcodes and parity 


clock generator (CG) 


The CG performs the generation of all the clocks required by the other functional blocks including the 
local-memory-bus clocks (MBCLK1, MBCLK2). The CG also generates the reference clock to be sampled by 
the SIF to determine if the TMS380C26 needs to be placed into slow-clock mode. This reference on is free 
floating in the range of 10 kKHz—100 kHz. 


user-accessible hardware registers and TMS380C26 internal pointers 


The following tables show how to access internal data via pointers and how to address the registers in the host 
interface. The SIFACL register, which directly controls device operation, is described in detail. 


NOTE: 


The adapter-internal pointers table is defined only after TMS380C26 initialization and until the OPEN 
command is issued. 


These pointers are defined by the TMS380C26 software (microcode), and this table describes the release 
1.00 and 2.x software. 
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Adapter-Internal Pointers for Token RingT 


ADDRESS DESCRIPTION 


>00.FFF8t Pointer to software raw microcode level in chapter 0 


>00.FFFAt Pointer to starting location of copyright notices. Copyright notices are separated by a >0A character and 
terminated by a >00 character in chapter 0. 


>01.0A00 Pointer to burned-in address in chapter 1 
>01.0A02 Pointer to software level in chapter 1 


>01.0A04 Pointer to TMS380C26 addresses in chapter 1: 
Pointer + 0 node address 
Pointer + 6 group address 
Pointer + 10 functional address 


>01.0A06 Pointer to TMS380C26 parameters in chapter 1: 
Pointer + 0 physical drop number 
Pointer + 4 upstream neighbor address 
Pointer + 10 upstream physical-drop number 
Pointer + 14 last ring-poll address 
Pointer + 20 reserved 
Pointer + 22 transmit access priority 
Pointer + 24 source class authorization 
Pointer + 26 last attention code 
Pointer + 28 source address of the last received frame 
Pointer + 34 last beacon type 
Pointer + 36 last major vector 
Pointer + 38 ring status 
Pointer + 40 soft-error timer value 
Pointer + 42 ring-interface error counter 
Pointer + 44 local ring number 
Pointer + 46 monitor error code 
Pointer + 48 last beacon-transmit type 
Pointer + 50 last beacon-receive type 
Pointer + 52 last MAC frame correlator 
Pointer + 54 last beaconing-station UNA 
Pointer + 60 reserved 
Pointer + 64 last beaconing-station physical drop number 


>01.0A08 Pointer to MAC buffer (a special buffer used by the software to transmit adapter generated MAC frames) in chapter 1 


>01.0A0A Pointer to LLC counters in chapter 1: 
Pointer + 0 MAX_SAPs 
Pointer + 1 open SAPs 
Pointer + 2 MAX_STATIONs 
Pointer + 3 open stations 
Pointer + 4 available stations 
Pointer + 5 reserved 


>01.0A0C Pointer to 4-/16-Mbps word flag. If zero, 4 Mbps; if nonzero, the adapter is set to run at 16-Mbps data rate. 
>01.0A0E Pointer to total TMS380C26 RAM found in 1K bytes in RAM allocation test in chapter 1 


Tt This table describes the pointers for release 1.00 and 2.x of the TMS380C26 software. 
+ This address valid only for microcode release 2.x. 
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Adapter-Internal Pointers for Ethernett | 


_| ADDRESS | DESCRIPTION | ae | 


>00.FFF8t Software raw microcode level in chapter 0 


>00.FFFAt - Pointer to starting location of copyright notices. Copyright notices are. separated by a >0A character and 
terminated by a >00 character in chapter 0. 


>01.0A00 Pointer to burned-in address in chapter 1 
>01.0A02 Pointer to software level in chapter 1 


>01.0A04 Pointer to TMS380C26 addresses in chapter 1: 
Pointer + 0 node address 
Pointer + 6 group address 
Pointer + 10 functional address 


>01.0A08 Pointer to MAC buffer (a special buffer used by the software to transmit adapter generated MAC frames) in chapter 1 


>01.0A0A Pointer to LLC counters in chapter 1: 
| Pointer + 0 MAX_SAPs 
Pointer + 1 open SAPs 
Pointer + 2 MAX_STATIONS 
Pointer + 3 open stations 
Pointer + 4 available stations 
Pointer + 5 reserved 


>01.0A0C Pointer to 4-/16-Mbps word flag. If zero, 4 Mbps; if nonzero, the adapter is set to run at 16-Mbps data rate. 
>01.0A0E Pointer to total TMS380C26 RAM found in 1K bytes in RAM allocation test in chapter 1 


t This table describes the pointers for release 1.00 and 2.x of the TMS380C26 software. 
+ This address valid only for microcode release 2.x. 
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User-Access Hardware Registers 


80x8x 16-BIT MODE: (SI / M = 1, S8 / SHALT = 0)T 
NORMAL MODE 





PSEUDO-DMA MODE ACTIVE 


WORD TRANSFERS SBHE = 0 SBHE = 0 


BYTE TRANSFERS 


SRSX SRSO SRS1 


SRS2 = 0 SRS2 = 0 


SIFDAT MSB SIFDAT LSB 
SIFDAT / INC MSB SIFDAT / INC LSB 
SIFADR MSB SIFADR LSB SDMAADR MSB SDMAADR LSB 
SIFCMD SIFSTS SDMAADX MSB SDMAADX LSB 
SIFACL MSB SIFACL LSB SIFACL MSB SIFACL LSB 
SIFADR MSB SIFADR LSB SIFADR MSB SIFADR LSB 
SIFADX MSB SIFADX LSB SIFADX MSB SIFADX LSB 
DMALEN MSB DMALEN LSB DMALEN MSB DMALEN LSB 


Tt SBHE = 1 and SRS2 = 1 are not defined 


80x8x 8-BIT MODE: (SI/M = 1, S8/SHALT = 1) 


NORMAL MODE PSEUDO-DMA MODE ACTIVE 
SRSX SRSO SRS1 SRS2 SBHE = X SBHE = X 


SDMADAT MSB 
DMALEN MSB 


SDMADAT LSB 
DMALEN LSB 





|= | 4a soo uu OQOaoqaaonoaoaoona0aono 


-~A sate  OQoodjAa=a+42 2340000 


68xxx MODE: (SI/M = 0)+ 


=-—-—Or- O- Oo -' Oj" 000+ 0 


SIFDAT LSB 
SIFDAT MSB 
SIFDAT/INC LSB 
SIFDAT/INC MSB 
SIFADR LSB 
SIFADR MSB 
SIFSTS 

SIFCMD 

SIFACL LSB 
SIFACL MSB 
SIFADR LSB 
SIFADR MSB 
SIFADX LSB 
SIFADX MSB 
DMALEN LSB 
DMALEN MSB 


SDMADAT LSB 
SDMADAT MSB 
DMALEN LSB 
DMALEN MSB 
SDMAADR LSB 
SDMAADR MSB 
SDMAADX LSB 
SDMAADX MSB 
SIFACL LSB 
SIFACL MSB 
SIFADR LSB 
SIFADR MSB 
SIFADX LSB 
SIFADX MSB 
DMALEN LSB 
DMALEN MSB 


PSEUDO-DMA MODE ACTIVE 
SUDS = 0 


NORMAL MODE 


WORD TRANSFERS 


SRSX SRSO SRS1 


SIFDAT MSB SIFDAT LSB 
SIFDAT/INC MSB SIFDAT/INC LSB 
SIFADR MSB SIFADR LSB SDMAADR MSB SDMAADR LSB 
SIFCMD SIFSTS SDMAADX MSB SDMAADX LSB 
SIFACL MSB SIFACL LSB SIFACL MSB SIFACL LSB 
SIFADR MSB SIFADR LSB SIFADR MSB SIFADR LSB 
SIFADX MSB SIFADX LSB SIFADX MSB SIFADX LSB 
DMALEN MSB DMALEN LSB DMALEN MSB DMALEN LSB 


SDMADAT MSB 
DMALEN MSB 


SDMADAT LSB 
DMALEN LSB 





+ 68xxx mode is always 16 bit. 
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SIF adapter-control register (SIFACL) 
The SIFACL register allows the host processor to control and to some extent ee the TMS380C26 under 








software control. 
SIFACL nee 
Bit# 0 1 2 3 
TITIT 
E|ElE 
NSEL | NSEL 
s 8 8 SWHLDA ARESET | CPHALT | BOOT | RESO | SINTEN outo | out 
04/1132 
R RR RP -0 RS -0 ' RW-0 RP-b RP—b -1 RP-p RP-0O RP-1 
Legend 
R = Read 
W <= Write 
P = Write during ARESET = 1 only 
S = _ Setonly 
—-n = Value after reset 
b = ValueonBTSTRP 
p = Value on PRTYEN 
u = _ Indeterminate . 
Bits 0-2: Value on TESTO and TEST2 pins 
These bits are read only and always reflect the value on the corresponding device pins. This 
allows the host S/W to determine the network type and speed configuration. If the network speed 
and type are software configurable, these bits can be used to determine which configurations 
are supported by the network hardware. 
TESTO TEST1 TEST2 Description 
L L H Reserved 
L H H 16-Mbps token ring 
H L H Ethernet (802.3/blue book) 
H H H 4-Mbps token ring 
xX xX 0 Reserved 
Bit 3: Reserved. Read data is indeterminate. 
Bit 4: SWHLDA — Software Hold Acknowledge 





This bit allows the function of SHLDA/SBGR to be emulated from software control for 
pseudo-DMA mode. 


CPSDMAEN | SWHLDA | SWHRG RESULT 
ot X 


SWHLDA value in the SIFACL register cannot be set to a one. 
No pseudo-DMA request pending 
Indicates a pseudo-DMA request interrupt 














Pseudo-DMaA process in progress 
Tt The value on SHLDA / SBGR is ignored. | 
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SWDDIR — Current SDDIR Signal Value 


This bit contains the current value of the pseudo-DMA direction. This enables the host to easily 
determine the direction of DMA transfers, which allows system DMA to be controlled by system 
software. 


0 Pseudo DMA from host system to TMS380C26 
1 Pseudo DMA from TMS380C26 to host system 


SWHRQ — Current SHRQ Signal Value 


‘This bit contains the current value on SHRQ/SBRQ when in Intel mode, and the inverse of the 





value on SHRQ/SBRQ when in Motorola mode. This enables the host to easily determine if a 
pseudo-DMA transfer is requested. 


INTEL MODE (SI/M = H) MOTOROLA MODE (SI/M = L) 
QO = System bus not requested System bus not requested 
1 = System bus requested System bus requested 


PSDMAEN — Pseudo-System-DMA Enable 


This bit enables pseudo-DMA operation. 

0 = Normal bus-master DMA operation is possible. 

1 =  Pseudo-DMA operation selected. Operation dependent on the values of the SWHLDA 
and SWHRQ bits in the SIFACL register. 


ARESET — Adapter Reset 


This bit is a hardware reset of the TMS380C26. This bit has the same effect as SRESET except 
that the DIO interface to the SIFACL register is maintained. This bit is set to 1 if a clock failure 
is detected (OSCIN, PXTALIN, RCLK,.or SBCLK not valid). 


0 The TMS380C26 operates normally. 
1 The TMS380C26 is held in the reset condition. 


CPHALT — Communications-Processor Halt 


This bit controls the TMS380C26 processor access to the internal TMS380C26 buses. This 
prevents the TMS380C26 from executing instructions before the microcode has been 
downloaded. . 

0 The TMS380C26 processor can access the internal TMS380C26 buses. 

1 The TMS380C26 processor is prevented from accessing the internal adapter buses. 


BOOT — Bootstrap CP Code 
This bit indicates whether the memory in chapters 0 and 31 of the local-memory space is RAM 
or ROM/PROM/EPROM. This bit controls the operation of MCAS and MROMEN. 


0 = ROM/PROM/EPROM memory in chapters 0 and 31 
1. = RAMmemory in chapters 0 and 31 
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Bit 11: 


Bit 12: 


RES 0 — Reserved. This bit must be set to 0. 


SINTEN — System-interrupt Enable 

This bit allows the host processor to enable or disable system-interrupt requests from the 
TMS380C26. The system-interrupt request from the TMS380C26 is on SINTR/SIRQ. The 
following equation shows how SINTR/SIRQ is driven. The table also explains the results of the 
states. 


SINTR/SIRQ = (PSDMAEN * SWHRQ * ISWHLDA) + (SINTEN * SYSTEM_INTERRUPT) 


SYSTEM 
INTERRUPT 
(SIFSTS 
REGISTER) 


RESULT 


SWHLDA | SINTEN 


Pseudo DMA is active. | 
The TMS380C26 generated a system interrupt for a pseudo DMA. 
Not a pseudo-DMA interrupt : 

| The TMS380C26 generates a system interrupt. 
The TMS380C26 does not generate a system interrupt. 





The TMS380C26 cannot generate a system interrupt. 


t The value on SHLDA / SBGR is ignored. 


Bit 13: 


Bit 14 — 15: 


PEN — Adapter-Parity Enable 


This bit determines whether data transfers within the TMS380C26 are checked for parity. 


0 Data transfers are not checked for parity. 
1 Data transfers are checked for correct odd parity. 


NSELOUTO, NSELOUTO 1 — Network-Selection Outputs 

The values in these bits control NSELOUTO and NSELOUT1. These bits can be modified only 
while the ARESET bit is set. | 
These bits can be used to software configure a TMS380C26 as follows: NSELOUTO and 
NSELOUT1 should be connected to TESTO and TEST1, respectively (TEST2 should be left 
unconnected or tied high). NSELOUTO should be used to select network speed and NSELOUT 1 
network type, as shown in the following table: 


NSELOUTO NSELOUT1 SELECTION 


Reserved 
16-Mbps token ring 
Ethernet (802.3/blue book) 
{| 4-Mbps token ring 











- At power up, these bits are set corresponding to 16-Mbps token ring (NSELOUTT = 


NSELOUTO = 0). 
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SIFACL control for pseudo-DMA operation 


Pseudo DMA is software controlled by the use of five bits in the SIFACL register. The logic model for the SIFACL 
register control of pseudo-DMA operation is shown in Figure 2. 


Internal Motorola Mode Host 


Signals , Interface 
: SINTR/SIRQ 


SYSTEM_INTERRUPT 
(SIFSTS register) 
sah : SHRQ/SBRO 
C) 
nedues | La ? i 
a | SHLDA/SBGR 
eee << 


ou {—<— 
Grant 
Ge 
oe a ee ee ee coi 


SIFACL Register 





Figure 2. Pseudo-DMA Logic Related to SIFACL Bits 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Supply vollage; Ving (see NOl66): ii cevin st acess aiedee wet eain Vee eetaeat ieee teen eomedawae 7V 
Input voltage range, V; (See Note 6) ....... cece cece eee teen eens ae Or ere ~0.3 V to 20 V 
Output Vollede 1ande 4206 era choca sacadnidoos aheweessaecaandetencd osatensataeseh -2Vto7V 
POWEr-CISSIDAUON ai a.diaeeriteweseeeuas ) esteceebee teste olw nee Cosa eat owhonet anseene 0.9 W 
Operating free-air temperature range, Ta... . cece eee cece ect e teen teen eeeeneneeees 0°C to 70°C 
Storage temperature range .............0 cece eee Cee On ain aes hee hae Bee obese ae —65°C to 150°C 


tT Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 6: Voltage values are with respect to Vss. 


recommended operating conditions | 

Vpp _ Supply voltage 4.75 5 5.25 

Vss Supply voltage (see Note 7) ae ee ie 
| TTL-level signal 2 Vpp +0.3 ae 















VIH High-level input voltage 


OSCINt 2.6 ‘Vpp+0.3 | V 
RCLK, PXTALIN, RCVR 2.6 Vpp+0.3 
| | OSOINS [-03 
VIL Low-level input voltage, TTL-level signal (see Note 8) V 
All other -0.3 0.8 

IOH High-level output current | | -400 
lOL High-level output current (see Note 9) a 
TA Operating free-air temperature 


+The minimum level specified is a result of the manufacturing test environment. This signal has been characterized to a minimum level of 2.4 V 
over the full temperature range. 
§ The maximum level specified is a result of the manufacturing test environment. This signal has been characterized to a maximum level of 
0.8 V over the full temperature range. 
NOTES: 7. All Vsg pins should be routed to minimize inductance to system ground. 
8. The algebraic convention, where the more negative (less positive) limit is designated as a minimum, is used for logic-voltage levels 
only. 
9. Output current of 2 mA is sufficient to drive five low-power Schottky TTL loads or ten advanced low-power Schottky TTL loads (worst 
case). 












electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS { MIN TYP MAX 
VOH High-level output voltage, TTL-level signal (see Note 10) Vpop=MIN, = lon = MAX ee 
VoL __ Low-level output voltage, TTL-level signal Vpp = MIN, lot = MAX SO | 


. 
| 
D 


Input current, any input or input / output Vi = Vss to Vpp pA 
f 








| 
| 
Ipp —- Supply current Vpp = MAX 160} mA 
Cc Input capacitance, any input = 1 MHz, Others at 0 V 








i 
Co Output capacitance, any output or input/output f= 1 MHz Others at 0 V p 


1 For conditions shown as MIN/MAX, use the appropriate value specified under the recommended operating conditions. 
NOTE 10: The following signals require an external pullup resistor: SRAS/SAS, SRDY/SDTACK, SRD/SUDS, SWR/SLDS, 
EXTINTO-—EXTINT3, and MBRQ. : 
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PARAMETER MEASUREMENT INFORMATION 


Outputs are driven to a minimum high-logic level of 2.4 V and to a maximum low-logic level of 0.6 V. These levels 
are compatible with TTL devices. 


Output transition times are specified as follows: For a high-to-low transition on either an input or output signal, 
the level at which the signal is said to be no longer high is 2 V and the level at which the signal is said to be low 
is 0.8 V. For alow-to-high transition, the level at which the signal is said to be no longer low is 0.8 V and the level 
at which the signal is said to be high is 2 V, as shown below. 


The rise and fall times are not specified but are assumed to be those of standard TTL devices, which are typically 


1.5 ns. 
a 2 V (high) 
a he —— 0.8 V (low) 


test measurement 


The test-load circuit shown in Figure 3 represents the programmable load of the tester pin electronics that are 
used to verify timing parameters of TI880C25 output signals. 


Tester Pin 
Electronics Cy) IOL 





_ 
| 
| 
| 
| 


Output 
Under 
Test 


VLOAD 





Where: IoL = 2mA, dc-level verification (all outputs) 
1OH = 400 iA (all outputs) 
VLOAD =. 1.5 V, typical dc-level verification or 
0.7 V, typical timing verification 
Cr = 65 pF, typical load-circuit capacitance 


Figure 3. Test-Load Circuit 
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PARAMETER MEASUREMENT INFORMATION 


Reference | 4 Periods  8Perlods 12 Periods 16 Periods 20 Periods 

| | | | | | | | | | i 

7 | | | | | l [. | | | | 
OSCIN LY \NSNSNSININSININSI NI NI NI NS NANA NA NSA NINS NANA NG 


| 
| 
When | 
CLKDIV = 1 ! 

| 


COUN a Na 


MBCLK2t — , l | 


t MBCLK1 and MBCLK2 have no timing relationship to OSCOUT. MBCLK1 and MBCLK2 can start on any OSCIN rising edge, depending on when 
the memory cycle starts execution. 


Figure 4. Clock Waveforms After Clock Stabilization 
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PARAMETER MEASUREMENT INFORMATION 


timing parameters 


The timing parameters for all the signals of the TI3880C25 are shown in the following tables and are illustrated 
in the accompanying figures. The purpose of these figures and tables is to quantify the timing relationships 
among the various signals. The parameters are numbered for convenience. 


static signals 


The following table lists signals that are not allowed to change dynamically and therefore have no timing 
associated with them. They should be strapped high or low as required. 


















Test pin indicates network type 
Test pin for Tl manufacturing test T 
| TESTS _|_TestpinforTimanufacturingtestf 


Tt For unit-in-place test 


_ timing parameter symbology 





Some timing parameter symbols have been created in accordance with JEDEC Standard 100-A. In order to 
shorten the symbols, some of the signal names and other related terminology have been abbreviated as shown 


below: 
DR DRVR RS SRESET 
DRN DRVR VDD VppL: VDpb 
OSC OSCIN 
SCK SBCLK 


Lower case subscripts are defined as follows: 


Cc cycle time r rise time 

d delay time sk skew 

h hold time su setup time 

w pulse duration (width) t transition time 


The following additional letters and phrases are defined as follows: 


H High Z High impedance 
L Low Fallingedge § No longer high 
V Valid Rising edge No longer low 
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power up, SBCLK, OSCIN, MBCLK1, MBCLK2, SYNCIN, and SRESET timing 


tr‘VDD) Rise time, 1.2 V to minimum Vpp-high level : 
101T# | ta~vDDH-SCKV) _ Delay time, minimum Vpp-high level to first valid SBCLK no longer high 


102tt | tg~yoDH-oscv) _ Delay time, minimum Vpp-high level to first valid OSCIN high 








Twin WAX UNIT 


— 


100 





Bl 


Cycle time, SBCLK 62.5 


oy 
m2) 
2) 
4 






104 tw(SCKH Pulse duration, SBCLK high 


2 
2 


105. | tw(SCKL Pulse duration, SBCLK low 


0 
103 
0 


1 


‘ 1 
i 1 
i 1 
107 tc(OSC Cycle time, OSCIN (see Note 11) 15.6. 500 
108 tw(OSCH Pulse duration, OSCIN high 


6 tt(SCK) _ Transition time, SBCLK 


—_ 


1 td(OSCV-CKV Delay time, OSCIN valid to MBCLK1 and MBCLK2 valid 
117 th(VDDH-RSL Hold time, SRESET low after Vpp reaches minimum high level 


us 
ys 


109 tw(OSCL Pulse duration, OSCIN low 
110T |trosc Transition time, OSCIN | 


( 

: ms 
; ESET iow 
2 


8 tsu(RST Setup time, DMA size to SRESET high (Intel mode only) 
9 th(RST Hold time, DMA size from SRESET high (Intel mode only) 


tw . One-eighth of a local memory cycle 


6 

6 
14 
14 
15 
15 


8 
8 


on 
on 
+f] Oo 


fe 





2tc(OSC 


t This specification is provided as an aid to board design. 

+ If parameter 101 or 102 cannot be met, parameter 117 must be extended by the larger difference: real value of parameter 101 or 102 minus the 
max value listed. 

NOTE 11: if OSCIN is used to generate PXTALIN, the specification for the tolerance of OSCIN is equal to + 0.01%. 


> je 100 
| 


oe Minimum Vpop-High Level 
}¢—_—— 103 —____» 
—+ | 106-4 > & 106 
107 | 
Pe to8 > ft 110 


of \I\PSLNL SIN 


| | | le 110 
-»| le 109 









MBCLK1 


MBCLK2 


| 8 
117 —__—__—» I je 119—) 


SRESET LER 


| Vy \ / 
288 ae 
Znae entrar ree meses 
S8/SHALT 


NOTE A: In order to represent the information in one illustration, nonactual phase and timebase characteristics 
are shown. Refer to specified parameters for precise information. 


Figure 5. Timing for Power Up, System Clocks, SYNCIN, and SRESET 
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Period of MBCLK1 and MBCLK2 4tyy 








Pulse duration, clock high 


ay 
ay-8 
[Pulse duration, cockiow Sd 
[Hot time, MBCLK2 low ater MBOLKT high SSCS 
[Hold time, MECLKT high ater MBGLK2 high Sd 
[Hold time, MECLK2 high ater MBCLKG ow St 

—y-28 

Twi] 


N 


Setup time, row address on MADLO—MADL7, MAXPH, and MAXPL before MBCLK1 no longer high tw-14 


pons | 

pons | 

| ns 

pons 

pons 

pons | 

Loins | 

pins | 
Loe! 

| Setup time, address on MADHO-MADH7 before MBCLKi nolongerhigh | tM ns 
ce 

2: 

pons 

prs | 

pons | 

pons | 

pons 


eer 
—-+|]© 


4 [ Setup time, status on MADHO-MADH7 before MBGLKi rolongeriow ——SSS—SCS~dC 
20_[ Setup time, NMI valdbetore MBCLKVIOw SSCS 
2 


129 | Hold time, column address/status after MBCLK1 no longer low 





Setup time, address on MAXO, MAX2, and MROMEN before MBCLK1 no longer low 0.5tM-9 | 


13 Setup time, column address on MADLO-MADL7, MAXPH, and MAXPL before MBCLK1 no 0.5t 
longer low STM 
M 


Setup time, MAL high before MBCLK1 no longer high 
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M2 


M5; M6. M7, M8. M1. 


MBCLK1 ! | . aa: 
| 
| cee | 
MBCLK2 7 | | | a = oe 
| | 
>| 9+ —>| 13 
MAXPH, 
MADLO-MADL7 
| | 





10 > 
1p] le | 
=o scl A ! 
MAL | 









area ae ‘54 
mM COO CXXKK OO 
NM KW OD OO SRK 





MRESET X Valid 


Figure 6. Memory-Bus Timing: Local-Memory tia Daa MROMEN, MBIAEN, NMI, MRESET, and 
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memory-bus timing: clocks, MRAS, MCAS, and MAL to ADDRESS 


try is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


NO a Tr 


Setup time, row address on MADLO—MADL7, MAXPH, and MAXPL before MRAS no longer 
15 high 1.5tyy — 11.5 


17 [Delay time, MAS no longer tight MRAS no ongerhighin the nextmemory cycle [ty ——~‘Y ns 
[19 | Puse duration MRAStigh SCS tym 


20 Setup time, column address (MADLO-MADL7, MAXPH, and MAXPL) and _ status 0.5th —9 
(MADHO-MADH7) before MCAS no longer high o'M OP 

24 | Hold time, column address (MADLO-—MADL7, MAXPH, and MAXPL) and _ status tha—9 
(MADHO—MADH7) after MCAS low M 

29 Hold time, column address (MADLO-MADL7, MAXPH, and MAXPL) and _ status > Sty —6.5 
(MADHO—MADH7) after MRAS no longer high mM Ss 


Pulse duration, MCAS low 3tm—9 | ons 


































[26 | Setup time, row adress on WAXLO=WAXL, MAXPH, and MAXPL before WAL nolngerhgh | _ty=8 
a Ta RT T= A 
[28 Setup time, adress /enabio on MANE, MAK, and NROMEN beforo WAL ro ongerhan | iyse 
30 | Setup ime, adress on MADHO-MADHT before WAL noionger high |e 
Hold time, address on MADHO-MADH7 after MAL low 
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oe etre nm AP A RE TE I ST POON BOT ITE EO ESO, 
ARP SS ea gee Xoo 
MADLO- IMADL? 


28 lev) fepi-ao | | I 


MAXO, 
MROMEN 


| 21 | 
tee aia : 
le—p— 31 
| | wal 20 | | 
wo sr : 
Kt 22 — on 


Figure 7. Memory-Bus Timing: Clocks, MRAS, MCAS, and MAL to ADDRESS 





Wy TEXAS 
INSTRUMENTS 


4—196 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS380026 
NETWORK COMMPROCESSOR 


SPWS010A — APRIL 1992 — REVISED MARCH 1993 


memory-bus timing: read cycle 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


ENON NT 
Access time, address/ enable valid on MAX0, MAX2, and MROMEN to valid data/parity 6tyy - 23 fais, 


33 Access time, address valid on MAXPH, MAXPL, MADHO—MADH7, and MADLO—MADL7 to 
valid data/parity 6ty—23 


Access time, MRAS low to valid data/parity 4.5tyy—21.5 fe fies 
Hold time, valid data/parity after MRAS no longer low a ae 


Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO-—MADH7 and 







377 | MADLO-MADL7 after MRAS high (see Note 12) 2tm-10.5 


Access time, MCAS low to valid data/parity 3tyj-23 | ons | 
Hold time, valid data/parity after MCAS no longer low a aa ae 


4ot Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO—MADH/, and oth—13 
MADLO-MADL7 after MCAS high (see Note 12) M 


[#1 [Delay time, MOASnolongerhightoMOEow SS SSCS~sSSC~‘~‘~*~*~CsTS | 

Setup time, address/status in the high-impedance state on MAXPH, MAXPL, ae 
MADLO-MADL7, and MADHO—MADH/7 before MOE no longer high 

[43 [Access time, MOE low tovalddata/party ——SOSCSC~SSSCSCSC~C~S~«Y 

[44 [Pulse duration MOEIOwSCSC~—SCSSCSSSS 


Delay time, MCAS low to MOE no longer low | 3tw-9—idT ons 
Hold time, valid data/parity in after MOE no longer low a See a 


Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO-—MADH/7, and ot —15 
MADLO-MADL7 after MOE high (see Note 12) M 



















47t 
agt Setup time, address/status in the high-impedance state on MAXPH, MAXPL, 





MADLO—MADL7, and MADHO-—MADH/, before MBEN no longer high 
in the high-impedance state on MAXPH, MAXPL, 










Setup time, address/status 
MADLO—MADL/7, and MADHO-MADH/7 and before MBIAEN no longer high 


Access time, MBEN low to valid data/parity 2ty—25 } ons 





48at 








Access time, MBIAEN low to valid data/parity 2tm—25 fons] 


ieee NOMEN ee 
od tive, veld dta/pafty ater BEN vo kogetlow 
Hold time, valid data/parity after MBIAEN no longer low ae 


Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO—MADH/7, and oth —15 
MADLO-—MADL7 after MBEN high (see Note 12) M 


| ons | 
Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO-MADH, and pays |r 
MADLO-MADL7 after MBIAEN high 

z 
54 

55 


t This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 

NOTE 12: The data/parity that exists on the address lines most likely reaches the high-impedance state sometime later than the rising edge 
of MRAS, MCAS, MOE, or MBEN (between MIN and MAX of timing parameter 36) and is a function of the memory being read. The 
MIN time given represents the time from the rising edge of MRAS, MCAS, MOE, or MBEN to the beginning of the next address, and 
does not represent the actual high-impedance period on the address bus. 





49 
49a 
50 
50a 
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MAXO, = 
oe ia 
MROMEN a ad 


p 32 — ae Data/ Parity 
MAXPH, MAXPL, 
MADLO-—MADL7 3 . 





«8 
4 
a2, 





Figure 8. Memory-Bus Timing: Read Cycle 
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memory-bus timing: write cycle 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


a SO 
[8 _|Setuptine, Mow before MAS rolongerlow ————SSSCS*dC 
Hold time, data/parity out valid after MW high 














<a , = 
7 a 
a shy a 
| Tas 
[66 [Setup te, aderess vail on MAXO, MAX2, andl WROMEN before MWnolongerfow [_7iyanns + ne 
[or [Hoidtime, MRAS low toMWrolongeriow «yi 
20 [Hota : = 
70 [Setup tine, MBEN tow beore MW no ongerhigh SSCS yn. «dC 
[71 [Holdtime, MBENiow aterMWrigh—SSCSC~S~—~S*~S~d Cy C*d Cr 
: : Tas 
: 


Setup time, MDDIR high before MBEN no longer high 2tm-9 
Hold time, MDDIR high after MBEN high 1.5tyy-—12 


MAX0 
’ Address/ 
| ati XK “enape, XAatress 
MROMEN | 
MAXPH, MAXPL, | 
MADHO—-MADH7, —— ADD/STS Data/ Parity Out — — me 
MADLO—MADL7 | 


Hold time, MCAS low to MW no longer low Atyy—11.5 





K— 70 > 71 le 
MBEN / \ Vi 
| | 

k¢— 72 —> 73 —1¢—>| 


MDDIR 


Figure 9. Memory-Bus Timing: Write Cycle 
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memory-bus timing: TMS380C26 releases control of bus 


ty is the cycle time of one-eighth of a local-memory cycle (81.25 ns minimum). 


Duo [OT 
[74 | Hold time, MF ater MBGLKi rising edge, busrelease———SOSC~S~S~S~S~ TSS 
[74a [Hove time, NBEN valid ater MECLKT ising edge, busrelease———SOSCSC~S~SSty tid 
[76 | Delay time, MECLK" high to MIF inthe high-impedance stat busrelease——SSCSC~sdSCSC*~CS*~S~« 
[76 | Setup time, MBRG low before MBGLKC fang edge, busrelease———=—SSCSC~S~S~—S Cd 
[77 [Hod time, MBRG low after MBCLKt ow, busrelease———SSOSC~—S~“~SC~‘sSSC‘SS*~sSCi 


Setup time, MBGR low before MBCLK1 rising edge, bus release 










MBCLK1 


MROMEN 


MAXPH, 

MAXPL, 
MADHO-MADH7, 
MADLO—MADL7 


= 
m 





Figure 10. Memory-Bus Timing: TMS380C26 Releases Control of Bus 
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| 

: | ! | 

MBCLK2 | | | 
| 


MDDIR 





































a 


oN 


OY 


MBGR \ 


Figure 10. Memory-Bus Timing: TMS380C26 Releases Control of Bus (Continued) 
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memory-bus timing: TMS380C26 resumes control of bus 


tyy is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


a SS 
[7a | Hoistime, MIF nthe High-impedance state after MBCKLI ring edge, bus resume ————~—«dty= 18d ne 
[20 [Delay time, MBCLKT igh to MIF valid busresume—SSSCSCS~SSS |e 
[21 | Setup time, MBAG valid before MBCLK: fling edge, busresume —————SCS~C~—S*~“~S*~rCS Sd 
eS ee eh ae 
[2] stp te, MEG ig bts MCL rong ge, usa 












MAXO, | | 
MOROMEN > Pe 


| ¢—P- 280 
lei—_s- 79 
MAXPH, | ieee 
MAXPL, 
MADHO—MADH7, a 4 
MADLO—MADL7 | pL 20 
let! 79 


Figure 11. Memory-Bus Timing: TMS380C26 Resumes Control of Bus 
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_ MBCLK1 J WL \LA 
: | 
| | | 
MBCLK2 | : | I | 
| 
| 


| 1-1 — 779 
MDDIR | 
| | | 
| : | 





| a 
MBIAEN eee a eee eens Oe a 
1 


XX XOX XOX KOK KOK KOK KOK KK 


NOY &. 


S\N ZN ZN ZN 


LN ZN AN /\/\ L\ ANNA 





Figure 11. Memory-Bus Timing: TMS380C26 Resumes Control of Bus (Continued) 
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memory-bus timing: external bus-master read from TMS380C26 


tw is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


Setup time, address on MAXO and MAX2 before MBCLK1 falling edge, external bus-master access = 
Hold time, address on MAXO and MAX2 after MBCLK1 low, external bus-master access a eee 





Setup time, valid address before MBCLK1 falling edge, external bus-master access 
87 | Hold time, valid address after MBCLK1 low, external bus-master access 


Setup time, address in the high-impedance state before MBCLK1 falling edge, external bus-master ae 
read 





9 





Hold time, valid data/parity after MBCLK2 low, external bus-master read ty- 13 


2 | Setup time, MDDIR low before MBCLK2 falling edge, external bus-master read Se aa 
Hold time, MDDIR low after MBCLK2 low, external bus-master read ne aaa 


9 
9 Setup time, MACS low before MBCLK2 falling edge, external bus-master read 
9 Hold time, MACS low after MBCLK2 low, external bus-master read 


t This specification has been characterized to meet stated value. 


| : 


ry 
| 
MBCLK2 4 ! | 
| | 


le! | 


Address in 


88 | ; 

91 Setup time, data/parity in the high-impedance state before MBCLK2 rising edge, external 
bus-master read 

3 

4 , 

5 


21 | ons 
ons 
cs 

[Setup time, data/party valid before MBOLK2 faling edge, external bus-masterread «15-177 
aa EX 

| ons | 

21 | ons 

|ons | 















Address In 





















































M AXO, \/ XX XX) XXX XK KX KKK \/ XXX X XYKXXKKXX XXX) 
max2 XKXYYYY CNG 
86 4 || | 
es tbe _») | 
erat seh 1 
| 88 
Pe po ie ae 
MAXPH, | | | ie oe 
M AXPL, ¥, xXx) (XX VAVAVAY, y 
MADHO-MADH7, XXXYYs YY 












' MADLO—MADL7 — j | 
Address In | | | Address In 





































YVY YY 





/ Y VYVVY 







































































TIKI, | ARTERY 
MODI XXKKXKXXKIAL XXX KRMAAKXKKXXXKKIY 
94 
eT 
MACS KKKOA_AKXXXXXXXKKKKKKRR RY 














Figure 12. Memory-Bus Timing: External Bus-Master Read From TMS380C26 
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memory-bus timing: external bus-master write to TMS380C26 


ENO Pax 
|_96_| Setup time, valid data/parity before MBCLK2 falling edge, external bus-master write 


Setup time, valid data/parity before MBCLK2 falling edge, external bus-master write 


i 
Hold time, valid data/parity after MBCLK2 low, external bus-master write Foo 
| 98 | Setup time, MDDIR high before MBCLK2 falling edge, external bus-master write 
| 99 | Hold time, MDDIR high after MBCLK2 low, external bus-master write a ae 


| 


Address In | ‘Address In - 


(x XX XK XX \/ XK KKK KKK KKK KK XX) 
RRR 505060 KK 


I\ ZN AVAAAVAAAAAAAAVAALAVAVAAANAVAVAVLAAAALVANLANLNZS 























MAX0, MAX2 













VY XxX 6 
QO) 


CNLNLNLN 










































MAXPH, 

MAXPL, 
MADHO—MADKH/, 
MADLO-—MADL7 












\/ 
PN ZA SN 


XX xX x) 
YY Cm 


(XXX \/ XXX XX) XO 
YY 





















































































Address In Le Address In 
9—— Fi 
99—+-+ > {e- 
\/ KX XXX V/V V/ KX X3 | | CX XX KK X \/ XX VSS XXX XXX XXX XX) 
MDDIR KOOL OOYY , YY 
94 a 
8 fH | 
XXX X \/ XX KKK KX 3 rx XxX XKKXKKXKKXKKKK KK KK \/ XXX XY 
MACS QQ, ARROYO Oy 






Figure 13. Memory-Bus Timing: External Bus-Master Write to TMS380C26 
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memory-bus timing: DRAM-refresh timing 


ty, is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


a 
[18 _| Setup time, row aderess on MADLO- MADLY, MAXPH, and MAXPL before MAS novongertigh | iSiy—15 |e 
[16 [Hota time, row aderess on MADLO-MADL7, MAXPH, and MAXPL after MRAS rolongerhigh | __ty=65 | re _| 
[18 [Puce duration, MAAS SSSS~*dSC I *C 
[19 [Pulse duration, RAS high SSCS tym i 
[72a _[ Setup time, MCAS low before MAAS nolongerhigh SOS id 
[72> [Hod ime, MCAS ow aterMRASIOw———SSCSCS~—SCS~—~S~S~d Cy *C 
[7a [Setup ime, MREF high before MGAS nolongertigh SSCS 
[72d [Hold time, MREF high ater MCAS high SSCS S*d 


MADLO-MADL7 ——— esiootl et Address 











| 16 —44—p| 
It 45 > l¢——— 19 —___»| 
1 8 —__-4 ) 
MRAS \ V \ 
| 
| 73a = : ap | 

MCAS \ V 

| | 

k¢—bl— 73c | l¢——p}— 73d 


Figure 14. Memory-Bus Timing: DRAM-Refresh Cycle 
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XMATCH and XFAIL timing 
ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


Delay time, status bit 7 high to XMATCH and XFAIL recognized | 7m [ons 
Pulse duration, XMATCH or XFAIL high | 50 | ons | 


Mane 2) KKK 


¢—___________ 127 _____________» : le- 128 -p 


XMATCH, | | 
XFAIL 


Figure 15. XMATCH and XFAIL Timing 
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token ring — ring-interface timing 7 | 


NO TYP MAX | UNIT 
awbsCdSCC(“‘aNSCS 

153 | Period of RCLK (see Note 13) pons 

| 16 Mbps | 31.25 | ns | 

25 













: : ; 4 Mbps nominal: 62.5 ns 
154L | Pulse duration, RCLK low 
16 Mbps nominal: 15.625 ns 
; 4 Mbps nominal: 62.5 ns 
154H | Pulse duration, RCLK high 
. 16 Mbps nominal: 15.625 ns 


Setup time, RCVR valid before rising edge (1.8 V) of RCLK at 16 Mbps 
6 Be 


Hold time, RCVR valid after rising edge (1.8 V) of RCLK at 16 Mbps 
es 4 Mbps 
158L } Pulse duration, ring baud clock low 
16 Mbps 
. ‘ : 4 Mbps 
158H | Pulse duration, ring baud clock high 
| 16 Mbps 


| 4 Mbps ee alae 
165 | Period of OSCOUT and PXTALIN (see Note 13) 


16 Mbps (for PXTALIN only) 31.25 
Tolerance of PXTALIN input frequency (see Note 13) 


NOTE 13: This parameter is not tested but is required by the IEEE 802.5 specification. | 


}¢—_—_——_—_———————_ 153.@ —____________»| 
| lq@—. 154H ae 
| | 


MIN 
1 
15 
35 
10 
40 
1 





















XX, AXXXKXKY) 
ae Wy, YY 
OSCOUT, 
SxTALIN Lo 





Figure 16. Token Ring — Ring-interface Timing 
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token ring — transmitter timing 


' Delay time, DRVR rising edge (1.8 V) to DRVR falling edge (1 V) or DRVR falling edge 
sk(DR) (1 V) to DRVR rising edge (1.8 V) 


ta/DR)Ht Delay time, RCLK (or PXTALIN) falling edge (1 V) to DRVR rising edge (1.8 V) | See Note 14 | ns | 
taDR)Lt Delay time, RCLK (or PXTALIN) falling edge (1 V) to DRVR falling edge (1 V) | SeeNote14 | ns | 


td(DRN)H| _ Delay time, RCLK (or PXTALIN) falling edge (1 V) to DRVR falling edge (1 V) SeeNote14 | ns | 
toRN)Lt Delay time, RCLK (or PXTALIN) falling edge (1 V) to DRVR rising edge (1.8 V) | SeeNote14 | ns | 


DRVR/DRVR taome + taorMH  taoRH + taoRNye 
asymmetry 2 i 2 


164 +1.5 





t When in active-monitor mode, the clock source is PXTALIN; otherwise, the clock source is either RCLK or PXTALIN. 
NOTE 14: This parameter is not tested to a minimum or a maximum but is measured and used as a component required for parameter 164. 


2.6V 
RCLK or PXTALIN a Ae, ee ee 1.5V 
0.6V 


2.4V 
le—p 160 | | acy 
| fl +—r- 161 
| -—pl ke 159 | —pl le 159 
: | 2.4V 
DRVA | | 1.5V 
: | ! 0.6V 
162 —pl | | 
aa l¢— 163 —pi 


Figure 17. Skew and Asymmetry From RCLK or PXTALIN to DRVR and DRVR 


ethernet timing of clock signals 


CLKPHS Pulse duration, TXC 





301 | CLKPER Cycle time, TXC 95 
ey oe | | 
| | 0.45 V 
le— 300 ——p| 
Figure 18. Ethernet Timing of Clock Signals 
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ethernet timing of XMIT signals 


5 SCARS REED ORRIN AB 8 
[205 [Ror —Wotine T atertxG aps 


306 |t _ Delay time, TXC high to TXD valid and 
XDVLD delay time, TXC high to TXEN high 





Figure 19. Ethernet Timing of XMIT Signals 


ethernet timing of RCV signals — — start of frame 


a 0 
[310 | AXDSET Setiptime, RXD belors AXCnolongerlow ————SSCSCSC~—SC—SCSCSC~—~iSSC*dC 
[at [RoHD te tm ewe 
[312 [ CRSSET Setup time, CRS high before AXC no ongerlow fort vald data sample | 20. —S~*d Cn 


Fors | SAMDLY _ Delay time, CRS internally recognized to first valid data sample (see Notes 15and 16) Le eee 


RXCH! Pulse duration, RXC high ee 
RXCLO___ Pulse duration, RXC low | 36 ns 


NOTES: 15. For valid frame synchronization one of the following data sequences must be received. Any other pattern delays frame 
synchronization until after the next CRS rising edge. 
a) 0n(10) . where n is an integer and n is greater than or equal to 3 
b) 10n(10) 1 
16. Ifa previous ce or frame fragment is completed without extra RXC clock cycles (KTRCVC = 0), SAMDLY = 2 clock cycles. 







Pr 312 


CRS 
RXC 
| NA 


XD ROOroremrerreeremre ONO 
RXD XXX AS 


CX 





Figure 20. Ethernet Timing of RCV Signals — Start of Frame 
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ethernet timing of RCV signals — end of frame 


PMOT MIN TYP MAXT UNIT 
300 | CRSSET Setup time, CRS low before RXC no longer low, to determine if last data bit seen on 
previous RXC no longer low (see Note 17) 
Hold time, CRS low after RXC no longer low, to determine if last data bit seen on 


XTRCYC Number of extra RXC clock cycles after last data bit (CRS is low) (see Note 17) a ee oe 


NOTE 17: TMS380C26 operates correctly even with no extra RXC clock cycles, provided that CRS does not remain asserted longer than 
2 us (see timing spec NDRXC). Providing no extra clocks affect receive-startup timing, see timing spec SAMDLY. 

































KXXXKKKXK KKK KKK KKK KKK KKK OX \/ XXX XXX 
COOK) 




















Last 
Data Bit 


Figure 21. Ethernet Timing of RCV Signals — End of Frame 


ethernet timing of RCV signals —no RXC 


NO IN MAXT UNIT 
NORXC ___ Time with no clock pulse on RXC, when CRS is high (see Note 18) Fs 


NOTE 18: If NORXC is exceeded, local-clock-failure circuitry can become activated, resetting the device. 





CRS 1 


-——______——— 330 ——________»| 
| | 


Figure 22. Ethernet Timing of RCV Signals —- No RXC 
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ethernet timing of XMIT signals 


MOTI TYP MAXT UNIT 
Delay time, TXC high of the last transmitted data bit (TXEN is high) to COLL 

HBWIN sampled high, so not to generate a heart-beat error ae aaa 

COLPUL Minimum pulse duration, COLL high for specified sample 20 ns + 1 cycle | ons 

342 |COLSET Setup time, COLL high to TXC high | 20 ~=©|——“‘*SSnssd 


me N\A NS NA VN ANSI NANI NSN 
| | | 


\¢—____-______-__-_— 340 
\¢-+——>1-- 341 


COLL | ] : \ 


| 
3421 le 


TXEN \ | 


Figure 23. Ethernet Timing of XMIT Signals | 













ethernet timing of XMIT signals 


a 8d 


Time from COLL sampled high (TXC high) to first transmitted JAM bit on TXD 
JAMTIM (see Note 19) cycles 


COLSET Setup time, COLL high before TXC high | ons | 
COLPUL Minimum pulse duration, COLL high for specified sample 20 ns + 1 cycle | ons | 


NOTE 19: The JAM paitern is delayed until after the completion of the preamble pattern. The TMS380C26 transmits a JAM pattern of all 1s. 













Figure 24. Ethernet Timing of XMIT Signals: JAM 
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80x8x-DIO read-cycle timing 
255 _ | Delay time, SRDY low to either SCS or SRD high = ae 
256 Pulse duration, SRAS high = ae 
259T Hold time, SAD in the high-impedance state after SRD low (see Note 20) eae 








Setup time, SADHO-SADH7, SADLO-SADL/7, SPH, and SPL valid before SRDY low 


261T Delay time, SRD or SCS high to SAD in the high-impedance state (see Note 20) 


Hold time, output data valid after SRD or SCS high (see Note 20) 


261a 





os 
G4 [Setup te, SRSX, SRSO-SRS2, SCS, and SEHE valid to SRAS no longer igh eeeNowa) | 90 
G5 | Hold time, SRSX, SRSO-SRS2, SOS, and SEME valdaterSRASIOw ————SSC*d 
67 [Setup time, SASK, SRSO-SRS2 valid betore SAD nolongerhigh (ee Nowe2)———SSSCSC~sdCS 
68 [Hold tine, SRSX, SRSO-SRS? vald afer SAD no longerlow (seo Note21)_——S—SCS~S~—SsSC 
pe 

i ss 

7 [0 
[05 

os 









2 
2 
2 


2 





27838 
2 
27er 
2828 
ogon | Delay time, SRD low to SDBEN low (see TMS380 Second Generation Token-Ring User’s Guide, 0 88] 
SPWU005, subsection 3.4.1.1.1), provided previous cycle completed 

26aR 
286 Pulse duration, SRD high between DIO accesses (see Note 20) 


This specification is provided as an aid to board design. It is not assured during manufacturing testing. 
+ It is the later of SRD and SWR or SCS low that indicates the start of the cycle. 
NOTES: 20. The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt-acknowledge 
cycles. 
21. In80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO — SRS2, and SCS. When used to do so, SRAS must 
meet parameter 266a, and SBHE, SRSO—SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 


’ y om ’ ’ i ] ( 
= i ) 
272a_ ~—‘| Setup time, SRD, SWR, and SIACK high from previous cycle to SRD no longer high 
— SWA. or SOS hi —— 
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SCS, SRSX, 
pastels le q— 265 eo} — 268 


an 
HL 











q—pi 2722 | Son 
— High SSS SSS SSS 
SDDIR | 
279 ——pl 
l¢__ 282k —__-»| B } 
| | 283R 7 
| 
| 
| | | 
| Kt—Pi— 282a 275 —<+—>| ! 
SRDYt ——Hi-z | +— sais — Hi-Z 
| ! I¢— 260 —p +—- 261 
SADHO-SADH/7, Iq— 259 Hs — LeHL 2614 
SADLO-SADL7, ‘ 
SPH, spl —— cK Output Data vaiid Hbz 


(see Note A) 


t When the TMS380C25 begins to drive SDBEN inactive, it has already latched the write data internally. Parameter 263 must be met to the input 
of the data buffers. | 
NOTES: A. . In 8-bit 80x8x mode DIO reads, the SADHO-—SADH7 contain don’t care data. 
B. In80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO-SRS2, and SCS. When used to do so, SRAS must 
meet parameter 266a, and SBHE, SRSO—SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 


Figure 25. 80x8x-DIO Read-Cycle Timing 
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80x8x-DIO write-cycle timing 


IN aX NIT 
[Delay time, SRDY lowtoeitherSCS or SWRhigh 


Delay time, SRDY low to either SCS or SWR high 


Pulse duration, SRAS high 
Setup time, SADHO-SADH7, SADLO—SADL7, SPH, and SPL valid before SCS or SWR no longer low 












igh ( 21) | 
rhigh (See Note | 


25 
25 
26 
26 
26 
26 
6 

6 


267" 


5 
6 
2 
=: 
4 
5 
8 


266a_ | Setup time, SRAS high to SWR no longer high (see Note 21 


access to the SIF (see TMS380 Second-Generation Token-Ring User’s Guide, SPWU005, subsection 





3.4.1.1.1) 


275 Delay time, SWR or SCS high to SRDY high (see Note 20) 
2798 Delay time, SWR high to SRDY in the high-impedance state 
. : WNL AIT” ° . ( 





nm 
~I 
o 
+ 







Delay time, SWR low to SDDIR low (see Note 20) 
281 Delay time, SWR high to SDDIR high (see note 20) 
281a | Hold time, SDDIR low after SWR no longer active (see Note 20) | 


If SIF register is 
ready (no waiting 
Delay time, SDBEN low to SRDY low (see 7MS380 Second Generation Token- | required) 
Ring User’s Guide, SPWU005, subsection 3.4.1.1.1) If SIF register is 
not ready (waiting 
required) 


282W | Delay time, SDDIR low to SDBEN low fo | ons 
283W_ | Delay time, SCS or SWR high to SDBEN no longer low 5{ ns | 
286 | Pulse duration, SWR high between DIO accesses (see Note 20) | ee i 


T it is the later of SRD and SWR or SCS low that indicates the start of the cycle. 

+ This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 

§ This specification is provided as an aid to board design. It is not assured during manufacturing testing. 

NOTES: 20. The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt-acknowledge 
cycles. 

21. In80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO-—SRS2, and SCS. When used to do so, SRAS must 

meet parameter 266a, and SBHE, SRSO—SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 








ns 
ns 
ns 
ns 
ns 
ns 
ns 


282b 


Delay time, SRDY low in the first DIO access to the SIF register to SRDY low in the immediately following a ; 


15 
30 
25 
25 
30 
15 
25 
15 
55 
55 
0 35 
0 25 
55 
0 35 
0 
0 25 
0 2 
55 
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SCS, SRSX, 


SRS0-SRS2, | 


SBHE 


SRAS 





SDDIR 





SADHO-—SADH/7, 
SADLO-SADL7, 
SPH, SPL 

(see Note A) 


| ie oe ale le- 265 let 268 


* ! | | | 
| bq 256 -p| : 


|| | | 
J Sr ae \ 
i¢—_pl— 


[| 
272a 


| 
: it 27a oeeeene 
| 





Hi-Z 








Hi-Z 





Hi-Z 








t When the TMS380C25 begins to drive SDBEN inactive, it has already latched the write data internally. Parameter 263 must be met to the input 


of the data buffers. 


_ NOTE A: In 8-bit 80x8x-mode DIO writes, the value placed on SADHO-SADIH7 is a don't care. 
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Figure 26. 80x8x-DIO Write-Cycle Timing 
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80x8x-interrupt-acknowledge-cycle timing: first SIACK pulse 


NO IN a 
| 286 Pulse duration, SIACK high between DIO accesses (see Note 20) | 55s 
Pulse duration, SIACK low on first pulse of two pulses | 625 | ns | 


NOTE 20: The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt-acknowledge cycles. 


SRD, SWR, 
Sc 
SIACK \ | First } kK Second / 


Figure 27. 80x8x-Interrupt-Acknowledge-Cycle Timing: First SIACK Pulse 









7 CS 


80x8x-interrupt-acknowledge-cycle timing: second SIACK pulse 


| 255 _| Delay time, SRDY low to SCS high 
Hold time, SAD in the high-impedance state after SIACK low.(see Note 20) 












25 , 


4 
5 
5 


a 
n 


SRDY low to SCS hi 5 
i j 35 

* s . PFIiaAriZ a 5 

Hold time, inactive data strobe high after SIACK high 5 
| 275 _| Delay time, SIACK high to SRDY high (see Note Note 20) 0 35 
i i 0 65 


0 

5 | ns | 
Delay time, SRDY low in the first DIO access to the SIF register to SRDY low in the immediately following 

6t 4000 
access to the SIF 






27 
27 
279t | Delay time, SIACK high to SRDY in the high-impedance state | 


| 282a_ | Delay time, SDBEN low to SRDY low in a read cycle 
Ea Delay time, SIACK low to SDBEN low (see 7MS380 Second Generation Token-Ring User’s Guide, 





SPWU005, subsection 3.4.1.1.1), provided previous cycle completed 


Delay time, SIACK high to SDBEN high (see Note Note 20) 


tT This specification is provided as an aid to board design. It is not assured during manufacturing. 
+ This specification has been characterized to meet stated value. It is not assured during manufacturing. 








NOTE 20: The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt-acknowledge cycles. 
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Pra pelet . Only SCS needs to be Inactive. ™ 
ane SBHE . an. All others are don’t care. 


l¢——_p— 2728 \¢—______— 273a ________p 
SDDIR High : | | _ 
279 ——p) : 
k¢__— 282R ———-» a pane | 











panaee ¢—pi— | | | | 
SRbyt Hi-Z | ese j4— 255 a . Hi-Z 
| 


SADHO—SADH/7, 
SADLO-SADL/7, 
SPH, SPL 

(see Note A) 


t SRDY is an active-low bus ready signal. It must be asserted before data output. 
NOTE A: In 8-bit 80x8x mode DIO writes, the value placed on SADHO-SADH7 is a don’t care. 


_ Figure 28. 80x8x-interrupt-Acknowledge-Cycle Timing: Second SIACK Pulse 





Hi-Z 
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80x8x-mode bus-arbitration timing, SIF takes control 


NO IN MAX NT 
208a Setup time, asynchronous signal SBBSY and SHLDA before SBCLK no longer high to assure 15 
recognition on that cycle 
208b Hold time, asynchronous signal SBBSY and SHLDA after SBCLK low to assure recognition on that ee 
“ato 













| 212 | Delay time, SBCLK low to SADHO—SADH7, SADLO-SADL7, SPH, and SPL valid a 
Delay time, SBCLK low in cycle |2 to SOWN low a a 


[2040 [Delay me, SBCLK lowin cycle 1210 SDDIRIowinDWAread———SSSCSCSC~SCSSSSCSSCSC~«O 
[250 [Delay time, SBCLKrighto SHRQhigh ———SSOSCSCSCSSSSCS~« Ys 
[261 [Delay time, SBCLK high in TX cycle to SAD and SWATigh bus acqustion ——SC*dtCSSC~“‘“‘*S*~t ‘dC 
[2eiat [Hold time, SRD and SWR inthe igh-impedance state ater SOWN ow, bus acquistion | tqscxjmis |e 


t This specification has been characterized to meet stated value. It is not assured during manufacturing testing. 
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02e-¢ 


10022 SVX3L ‘NOLSNOH efrrl XOE 30Id4O LSOd 


SLNANNULSN 


I 


SVXAL ¢ha 


User Master Bus Exchange 


SIF inputs: 


SBCLK ) a ae 7 | 


SBBSY, 


SHLDA 
SIF Outputs: 230 —1¢—P 


SHRQ 7 


SADHO-SADH/7, 


SADLO-SADL7, eee 


SPH, SPL. | | 
It 2240 +p 
ns aa Saal 
SDDIR | | 
lq- 224a -p| 
SOWN ————— : 
(see Note A) 


NOTE A: While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. 
Figure 29. 80x8x-Mode Bus-Arbitration Timing, SIF Takes Control 


SIF Master 


Write 


Read 





Address Valid 
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80x8x-mode DMA read-cycle timing 


UNIT 


Setup time, SADLO-SADL7, SADHO—SADH7, SPH, and SPL valid before SBCLK in T3 cycle 
no longer high 


Hold time, SADLO—SADL7, SADHO—SADH7, SPH, and SPL valid after SBCLK low in T4 cycle 
if parameters 207a and 207b not met 


Hold time, SADLO-—SADL7, SADHO-—SADH7, SPH, and SPL valid after SRD high 
Hold time, SADLO-SADL7, SADHO—SADH7, SPH, and SPL valid after SDBEN no longer low 


Setup time, asynchronous signal SRDY before SBCLK no longer high to assure recognition on 
this cycle 


ok 
oO 


205 











— 


206 


207a 
207b 


ol 


208a 


—_ 
oO 


— 
on 
N 
OT 


208b 
212 


Hold time, asynchronous signal SRDY after SBCLK low to assure recognition on this cycle 


N 


Delay time, SBCLK low to address valid 


Delay time, SBCLK low in T1 cycle to SADHO-—SADH7, SADLO-—SADL7, SPH, and SPL in the 
high-impedance state 


Pulse duration, SALE and SXAL high 

Delay time, SBCLK high to SALE or SXAL high 

Hold time, SALE or SXAL low after SRD high 

Delay time, SBCLK high to SXAL low in the TX cycle or SALE low in the T1 cycle 

Hold time, SADHO—SADH7, SADLO-SADL7, SPH, and SPL valid after SALE or SXAL low 
Delay time, SBCLK low in T4 cycle to SRD high (see Note 22) 

Delay time, SBCLK low in T4 cycle to SDBEN high 


Delay time, SADHO—SADH7, SADLO—SADL/7, SPH, and SPL in the high-impedance state to 
SRD low 


Delay time, SBCLK low in T2 cycle to SRD low 

Hold time,SADHO—SADH7, SADLO-SADL7, SPH, and SPL in the high-impedance state after 
SBCLK low in T1 cycle 

Pulse duration, SRD low 

Setup time, SADHO-SADH7, SADLO-SADL7, SPH, and SPL valid before SALE, SXAL no 
longer high : 

237R_ ‘| Delay time, SBCLK high in the T2 cyle to SDBEN low 

247 Setup time, data valid before SRDY low if parameter 208a not met 


T This specification has been characterized to meet stated value. 
NOTE 22: While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. 


[oy] 


214T 


215 
216 
216a 
217 
218 
223R 


te(SCK)—25 





N 
ol 


tw(SCKL)-15 


tw(SCKH)—-15 | 






226t 


227R 


229T 


2tc(SCK) ~30 


tw(SCKL) 715 


231. 


233 
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COG-V 


10022 SVX3L‘NOLSNOH @€brl XOE 30IS4O LSOd 


‘SLNANNUYLSN 


SVX4L oe 


SBCLK 


SRAS 


SBHE 
(see Note A) 


SWR 


‘SRD 
(see Note B) 


SXAL 


SALE 


SADHO—SADH/7, 
SADLO—SADL7, 
SPH, SPL 

(see Note C) 


SRDY 


SDBEN 
(see Note B) 


SDDIR . 


) ™m ! TX T1 ' 72 V 73 3 ™4 '. 1 3 















+ 


XXXXXXKAKAAKXAAKMAXA MARAE  D 
talatelatelatetaletalatetaretelatelatetatetetetetatetetetetatetate’ 













| | | [| | | 227R-4*—> | eft | ++ 223R_—s| 





aoe i 729 
—--{ Address 
| 


| > le 207b 





247 
| | | (see Note D) 
208a 


| a 


Low 








NOTES: A. In 8-bit 80x8x mode, SBHE/SRNW is a don’t care input during DIO and an inactive (high) output during DMA. 
B. Motorola-style bus slaves hold SDTACK active until the bus master deasserts SAS. . 


C. In8-bit 80x8x mode, the most significant byte of the address is maintained on SADH for T2, T3, and T4. The address is maintained according to parameter 21; i.e., held 


after T4 high. . 
D. If parameter 208A is not met, valid data must be present before SRDY goes low. - 


Figure 30. 80x8x-Mode DMA Read-Cycle Timing 
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80x8x-mode DMA write-cycle timing 
ca ee 


Ba Setup time, asynchronous signal SRDY before SBCLK no longer high to assure recognition 15 oe 
on that cycle 
SC 











208b Hold time, asynchronous signal SRDY after SBCLK low to assure recognition on that cycle 
Delay time, SBCLK low to SADHO-SADH7, SADLO-—SADL7, SPH, and SPL valid 


25 


20 
[2i7 [Delay ime, SBCLK high to SKAL owinthe TKojeleorSALElowintheTigle [SC 
219 
22 i 


ins 

pins | 

pons | 

25 | ns 

pons | 

25 | ns 

218 pins | 
219 | Delay time, SBCLK low in T2 cycle to outputdata andparity valid | 89s 
224 pons | 
25 | ns 

25 | ns 

pons | 

oe 

pons | 


Delay time, SBCLK low to SWR high 


me ae 
[22sw [Delay tie, SACLK high in T4 oye tO SOBEN High ————SSCSCSC~C~CSCS~CSC‘iSCCCSCSC~«S 
[226wh | Holdtime, SDBEN ow ater SWR, SUDS, and SCOShigh SSS SS 
[232 [Pulse duration, WRlow SSCS SSS 


232 = 

| 033 Setup time, SADHO-SADH7, SADLO-—SADL7, SPH, and SPL valid before SALE, SXAL no ' 45 
longer high w(SCKL) 

23 i 


1 Hold time, SADHO—SADH7, SADLO-—SADL7, SPH, and SPL valid after SWR high | to(SCK)—-15 


Delay time, SBCLK high in T1 cycle to SDBEN low. 
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t 4 i] i i TWAIT i i] 
S ’ T4 ' TX ! T1 ' T2 - T3 ' T4 ; Ti 
speck \ ) ) | 3 ! ! 
: a eas r 3 i 3 L 
' | ‘| | 212 _' le >| | ' , | ' t | t | 
(sce Note A) SKXRRXREXLRRLRRXRA AERA ERG RRR 



















| | | | | | (HIGH) |_| | | | 
SRD | : 


SALE 


SVX4L oe 
s 





SADLO-—SADH/7, 
SADHO-—SADL/7, 





10022 SVXAL ‘NOLSNOH e€hr! XO 301440 LSOd 
SLNANNYISN 








SPH, SPL 
(see Note B) Extended Address _ 
Pa 208a 
SRDY | ! | 
237W |  B25W 
ie | l ss > 
SDBEN | 208b —\¢——>»| 225WH —\¢———- 
SDDIR een) 


NOTES: A. In 8&-bit 80x8x mode, SBHE/SRNW is a don’t care input during DIO and an inactive (high) output during DMA. 
B. In 8-bit 80x8x mode, the most signifi icant byte of the address is maintained on SADH for T2, T3, and T4. The address is maintained according to parameter 21; i.e., held 
after T4 high. 


Figure 31. 80x8x-Mode DMA Write-Cycle Timing 
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80x8x-mode bus-arbitration timing, SIF returns control 









Delay time, SBCLK low in I1 cycle to SADHO—SADH7, SADLO-—SADL7, SPL, SPH, SRD, and SWR in 
the high-impedance state 


[2235F [Delay time, SBCLK iow inti eycleto SBME inthe ighimpedance stato ———SCSC~S~S~SSSCSC~« YC 
[224 [Delaytime, SBCLK owinoyele Bt SOWNNigh SSS 
[224d [Delay time, SBCLK ow nye 2t0 SDDIRNigh SSCS 
[230 [Delay ime, SBCLK high nyo to SHRQow SOS | 
[2207 [Setup tine, SAO, SWA, and SBHE inthe high-impedance sale befor SOWN no lngerlow | 0 | rs] 


t This specification has been characterized to meet stated value. 








SIF Master 


T3 T4 


| 
SHLDA . | | \ | 


| 
SIF Outputs: eee > | 
| 





SHRQ | | 
(see Note A) | 
220 . 
SRD, SWA | HI-Z 
| ¢— 240 > 






Hi-Z i 





| 
220 —1¢—>} et 240 
SADHO-SADH7, | | | 








SADLO-SADL7, SIF Hi-Z 
SPH, SPL 
224d—lel» 
WRITE 
SDDIR 
READ 





224b 
SOWN . l 
(see Note B) 


NOTES: A. In 80x8x mode, the system interface deasserts SHRQ on the rising edge of SBCLK following the T4 state of the last system-bus 
transfer it controls. In 68xxx mode, the system interface deasserts SBRQ on the rising edge of SBCLK in state T2 of the first system 
bus transfer it controls. 

B. While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. 





Figure 32. 80x8x-Mode Bus-Arbitration Timing, SIF Returns Control 
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80x8x-mode bus-release timing 


NO IN XT NT 

Setup time, asynchronous input SBRLS low before SBCLK no longer high to assure recognition ee eee 
208b | Hold time, asynchronous input SBRLS low after SBCLK low to assure recognition | 15] ons 

Hold time, SBRLS low after SOWN high | | 0 fons | 








| TWor2) T3 T4 T1 T2 7 
208a — he 


SBRLS ae en | 
(see Note A) 


SOWN / | | . 
) le— 208c¢ —>I 


NOTES: A. The system interface ignores the assertion of SBRLS if it does not own the system bus. If it does own the bus when it detects the 
assertion of SBRLS, it completes any internally started DMA cycle and relinquish control of the bus. If no DMA transfer has internally 
started, the system interface releases the bus before starting another. 

B. If SBERR is asserted when the system interface controls the system bus, the current bus transfer is completed regardless of the 
value of SDTACK. If the BERETRY register is nonzero, the cycle is retried. If the BERETRY register is zero, the system interface 
releases control of the system bus. The system interface ignores the assertion of SBERR if it is not performing a DMA bus cycle 
on the system bus. When SBERR is properly asserted and BERETRY is zero, however, the system interface releases the bus upon 
completion of the current bus transfer and halts all further DMA on the system side. The error is synchronized to the local bus and 
DMA stops on the local sides. The value of the SDMAADR, SDMADDRxX, and SDMALEN registers in the system interface are not 
defined after a system-bus error. 

C. Incycle-steal mode, state TX is present on every system-bus transfer. In burst mode, state TX is present on the first bus transfer 
and whenever the increment of the DMA address register carries beyond the least significant 16 bits. 

D. SDTACK is not sampled to verify that it is deasserted. | 

E. Unless otherwise specified, for all signals specified as a maximum delay from the end of an SBCLK transition to the signal valid, 
the signal is also specified to hold its previous value (including high impedance) until the start of that SBCLK transition. 








Figure 33. 80x8x-Mode Bus-Release Timing 
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68xxx-DIO read-cycle timing 

Delay time, SDTACK low to either SCS, SUDS, or SLDS high 
Hold time, SAD in the high-impedance state after SUDS or SLDS low (see Note 20) ee 
Setup time, SADHO-SADH7, SADLO-SADLZ, SPH, and SPL valid before SDTACK low ae 


Delay time, SCS, SUDS, or SLDS high to SADHO-SADH7, SADLO-—SADL7, SPH, and SPL in the 















261T 





high-impedance state (see Note 20) ' 


[26ra [Hod time, output data valid ater SUDS or SCDS no ongerlow eseNote@)———SOSC~iSCSC 


o76t Delay time, SDTACK low in the first DIO access to the SIF register to SDTACK low in the immediately 
following access to the SIF 


279t | Delay time, SUDS or SLDS high to SDTACK in the high-impedance state 
| 282a | Delay time, SDBEN low to SDTACK low 


280R Delay time, SUDS or SLDS low to SDBEN low (see TMS380 Second Generation Token-Ring User’s 
Guide, SPWU005, subsection 3.4.1.1.1) provided the previous cycle completed 


283R_ | Delay time, SUDS or SLDS high to SDBEN high (see Note 20) 
Pulse duration, SUDS or SLDS high between DIO accesses (see Note 20) 


t This specification is provided as an aid to board design. 
+ This specification has been characterized to meet stated value. 
NOTES: 20. The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt-acknowledge 
cycles. 
21. In80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO-SRS2, and SCS. When used to do so, SRAS must 
meet parameter 266a, and SBHE, SRSO-SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 
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SCS, SRSX, 
SRSO, SRS1 


SRNW 


” 
Cc 
re] 
L 


| 


” 
as 
oO 
7) 


SDDIR 





SDTACKT 


SADHO-SADH/7, 
SADLO-SADL7, 
SPH, SPL 


¢—pi— 267 1 268 
! | 
i | _____— 273a ______ >| 

/ | | | | \ 

Dees 272 ies +> : 
— y OUuYt”t*~<‘isisSS 
a a ee 
282R ———> piles 








| +—>+ 261 
le—b1— 259 j¢—_—_. 260 | 








tT SDTACK is an active-low bus ready signal. It must be asserted before data output. 
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Figure 34. 68xxx-DIO Read-Cycle Timing 
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68xxx-DIO write-cycle timing 


a Od 
Delay time, SDTACK low to either SCS, SUDS or SLDS high 












Setup time, write data valid before SUDS or SLDS no longer low 


3 Hold time, write data valid after SUDS or SLDS high 
tT | Setup time, register address before SUDS or SLDS no longer high (see Note 20) 15 


55 
6 


Setup time, SRNW before SUDS or SLDS no longer high (see Note 20) 15 





2 
2 
2 
2 
2 
2 


_ | Hold time, SRNW after SUDS or SLDS high 
273a__| Hold time, inactive SUDS or SLDS high after active data strobe high 55 





we) 
~ 
ro) 
4 


9 


§ Delay time, SUDS or SLDS high to SDTACK in the high-impedance state 


272a__‘| Setup time, inactive SUDS or SLDS high to active data strobe no longer high 
Delay time, SUDS or SLDS low to SDDIR low (see Note 20) FB 


5 

6 

72 

73 

278 
Delay time, SDTACK low in the first DIO access to the SIF register to SDTACK low in the 

27 

280 

28 


If SIF register is 


8 Hold time, register address valid after SUDS or SLDS no longer low (see Note 21) a ae 
















ready (no waiting 0 35 
Delay time, SDBEN low to SDTACK low (see TMS380 Second Generation Token- | fequired) 
Ring User’s Guide, SP\WU005, subsection 3.4.1.1.1) If SIF register is 
| not ready (waiting QO 4000 





required) 


282W | Delay time, SDDIR low to SDBEN low | {28 { ons | 
283W | Delay time, SUDS or SLDS high to SDBEN no longer low | | i 
286 Pulse duration, SUDS or SLDS high between DIO accesses (see Note 20) 


tT This specification has been characterized to meet stated value. 

Fit is the later of SRD and SWR or SCS low that indicates the start of the cycle. 

§ This specification is provided as an aid to board design. 

NOTES: 20. The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt-acknowledge 
cycles. 

21. In80x8x mode, SRAS can be used to strobe the values of SBHE, SRSX, SRSO-SRS2, and SCS. When used to do so, SRAS must 

meet parameter 266a, and SBHE, SRSO—SRS2, and SCS must meet parameter 264. If SRAS is strapped high, parameters 266a 
and 264 are irrelevant and parameter 268 must be met. 
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ea Ua ee eee a aR I DO RN a a NR a ET BPR ee 
SCS SRSX, | 
SRSO, SRS1 | ; 











267 —— ¢-pi— 268 
SIAGK | , ‘a ee 2 
| | 
| lq 273g —__ >| 
jeel— 272 273 7 — 3 
SRNW | 2]. | | 
| l SS 286 > | 
SUDS, | 
SLDS | 
(see Note A) 
| | <____ 273a —_—___—_—_>| 
k¢——pi— 280 | cs ts | 
| ui 281a | | 
SDDIR (high) | 
| | 
asa 282W  283W |<» 
eines | | 
SDBENt | 
279 —>| 
be he Mea ee ta a ele | 
ss | ia o7s | 
| l¢— 255 +p} | 
| | 
| +>. 263 





SADHO—SADH7, 
SADLO-SADL7, ——— HI-Z (Data Hi-Z 
SPH, SPL 


Tt SDTACK is an active-low bus ready signal. It must be asserted before data output. 
+ When the TMS380C16 begins to drive SDBEN inactive, it has already latched the write date internally. Parameter 263 must be met to the input 
of the data buffers. 
NOTE A: For 68xxx mode, skew between SLDS and SUDS must not exceed 10 ns. Provided this limitation is observed, all events referenced 
to a data strobe edge use the later occurring edge. Events defined by two data strobes edges, such as parameter 286, are measured 
between latest and earlier edges. 


Figure 35. 68xxx-DIO Write-Cycle Timing 
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68xxx-interrupt-acknowledge-cycle timing 









255 Delay time, SDTACK low to either SCS or SUDS, or SIACK high | 15 Tons 
[250 | valde, SAD nthe igh impedance state ater STACK ro longer High bee Neo2) J 0 ro 
260 —| Setup tine, ouput cata valdbeiore SDTAGK nolongernigh 
2617 [Doty tine, STACK righ o SAD into highrimpedarce slate oo Netw) 
26% | Hod tine, tpl daa vali ater SOS or STAGK no longer ow (Gee Note 2) ro 


Setup time, register address before SIACK no longer high (see Note 20) _ a os 


Setup time, inactive high SIACK to active data strobe no longer high 








Hold time, inactive SRNW high after active data strobe high | 55 ons 
Delay time, SCS or SRNW high to SDTACK high (see Note 20) | 85] ons | 


Delay time, SDTACK low in the first DIO access to the SIF register to SDTACK low in the immediately | 
2768 ; 4000 
following access to the SIF 


279T | Delay time, SIACK high to SDTACK in the high-impedance state | 5] ons 
Delay time, SDBEN low to SDTACK low in a read cycle | 85] ons 


Delay time, SIACK low to SDBEN low (see TMS380 Second Generation Token-Ring User’s Guide, 


282R 





SPWU005, subsection 3.4.1.1.1) provided the previous cycle completed 


283R | Delay time, SIACK high to SDBEN high (see Note 20) ff 85] ons 
| 286 Pulse duration, SIACK high between DIO accesses (see Note 20) | | 55 | ons | 
t This specification is provided as an aid to board design. 
t it is the later of SRD and SRD or SCS low that indicates the start of the cycle. 
§ This specification has been characterized to meet stated value. 
NOTE 20: The inactive chip select is SIACK in DIO read and DIO write cycles, and SCS is the inactive chip select in interrupt-acknowledge cycles. 
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A ae ER a I TS EE TOY a I I I ET ar AT NS ED ITE TERS 
SCS, SRSX, . | | | 
SRSO, SRS1, y, Only SCS needs to be Inactive. X 
SBHE All others are don’t care. és 
l¢—pi—— 267 | 
SIACK l | | 
: | 
K¢——_pi—_|—. 272a Soe . 286 ———___——_ 
SRNW | | l l 
| | | 
| + 273a —______> 
we VSS 
| | | 
| kq—_—_—__——— 286 —___—_—_—_—_p| 
2 Se 
SDDIR (high) | lq— 279 ___»| 
282R —___» | 
| | | | 
| ! 283R —\¢—> | 
| 
SDBEN | | | | 
| 
se er |, ae ee ee 275 —¢-—_ > ! 
| le—pi— 282 Mec Jopgts cl 
| | —+- 
| : | Sana 261a 
SADHO~—SADH7, : , 
SADLO-SADL7, —— Hi-Z . KKK Output Data Valid Hi-Z 
SPH, SPL 
(see Note A) 


t SDTACK is an active-low bus ready signal. It must be asserted before data output. 
NOTE A: Internal logic drives SDTACK high and verifies that it has reached a valid-high level before the signal enters the high-impedance state. 


Figure 36. 68xxx-Interrupt-Acknowledge-Cycle Timing 
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68xxx-mode bus-arbitration timing, SIF takes control 


NO INA UNIT 


Setup time, asynchronous input SBGR before SBCLK no longer high to assure recognition on this P| we 
Seite 


[2066 _| Hold tine, asynchronous input SEGA afer SECLK low to assure recognfon onthsqyele | 18 ——S~d Ce 

fe Ih oe cine anARe | aH 
[22¢a [Delay time, SBCLK lowin cycie 12 to SOWN ow (ee Note2) ——SOSCSC~CSCSCiSSCSCSCSC*~C~S YC 
[2240 | Delay time, SBCLK low inyoleI2t0 SDDIRowinDMAread———SSCS~SSSSCSSCS~S~S 
[241 [Delay ime, SBCLK high in TX oyole to SUDS and SUOS high —SCSCS~S~wsCS~C~dCSC‘“~S«iYC 


+ Hold time, Subs SLDS, SRNW, and SAS in the high-impedance state after SOWN low, bus 
241a te(SCK)-15 

















acquisition 


Tt This specification has been characterized to meet stated value. 
NOTE 23: Motorola-style bus slaves hold SDTACK active until the bus master deasserts SAS. 
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vec-v 


I 


SVXAL gh 


SLNANNYISN 


LOOZZ SVX3L ‘NOLSNOH e€?rrl XO 30IdAO LSOd 


User Master SIF Master 


SIF inputs: | (14) iM 2 ' TX T1 ; T2 


SBCLK | | ie , | | 


Bus Exchange 





SBERR, 
SDTACK, 
SBBSY 


SIF Outputs: $—_P}— 230 


SBRQ | | 
(see Note A) 


| 
} a | 
| | l 7 230 <> 
| 
| 


ly >| | | 
208a 208b 
= | ! ! — 241 
SAS, SLDS, : 
SUDS (input) : } Output — 
| | \¢—__?-- 241 
| | , , Read 
SRNW : 





Write 


SADHO-—SADH/7, 
SADLO—SADL7, 
SPH, SPL 





SDDIR 





| 
l¢———§— pl 2040 | 


SOWN \¢—_——— 241a 
(see Note B) 


NOTES: A. In80x8x mode, the system interface deasserts SHRQ on the rising edge of SBCLK following the T4 state of the last system bus transfer it controls. In 68xxx mode, the 
system interface deasserts SBRQ on the rising edge of SBCLK in state T2 of the first system bus transfer it controls. 
B. While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. 








Figure 37. 68xxx-Mode Bus-Arbitration Timing, SIF Takes Control 
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68xxx-mode DMA-read-cycle timing 

2 Setup time, input data valid before SBCLK in T3 cycle no longer high | 

2 Hold time, input data valid after SBCLK low in T4 cycle if parameters 207a and 207b not met 
207a_ | Hold time, input data valid after data strobe no longer low 

207b ‘| Hold time, input data valid after SDBEN no longer low 


UNIT 
















5 
6 
a 


> 
77) 


3 Setup time, asynchronous input SDTACK before SBCLK no longer high to assure recognition 
on this cycle 


08 
208b_ ‘| Hold time, asynchronous input SDTACK after SBCLK low to assure recognition on this cycle 
09 | Pulse duration, SAS, SUDS, and SLDS high 'e(SCK)+ 
tw(SCKL)~25 
Delay time, SBCLK high in T2 cycle to SUDS and SLDS active 
2 Delay time, SBCLK low to address valid 
3 ane 


15 
15 
15 
15 

( 


0 
0 
1 


2 
210 
2 


214 


215 


=) 
” 


i 5 
216a_ | Hold time, SALE or SXAL low after SUDS and SAS high tw(SCKL)- 15 
217 Delay time, SBCLK high to SXAL low in the TX cycle or SALE fow in the T1 cycle 
218 Hold time, address valid after SALE, SXAL low 
22 


726A [Delaytine, SBCLKowinTécycietoSOBENKigh ———SSSCSC~idCSCSC“‘~‘“‘*~*~s ‘dC 
[226T —[Hold time, SAD inthe highrimpedance state afer SBCIKTowin Toole ——SSC~sdSC“‘“ C‘*‘*‘*‘*dCSS 
[236 | Setup time, address vad before SALE or SXALno longer igh ———————SSS—~d tS 18 Yn 
[26a _| Setup time, aderess vald before SAS nolongertigh —_————SSS—~d cK 1S *dC| 
[237A [Delay ime, SBCLK high inthe T2 eyleto SOBENIow ——SSOSCS~S—SCSCSiS 


239 _| Pulse duration, SAS, SUDS, and SLDS 2to(SCK)* 
tw(SCKH)~ 30 
Setup time, data valid before SDTACK low if parameter 208a not met | 


tT This specification has been characterized to meet stated value. 
NOTE 22: While the system-interface DMA controls are active (i.e., SOWN is asserted), SCS is disabled. 


tT | Delay time, SBCLK low in T2 cycle to SAD in the high-impedance state P| 
Pulse duration, SALE and SXAL high te(SCK)—25 
216 | Delay time, SBCLK high to SALE or SXAL high 
] ’ i ) 


= 
Oo 
O 
Pas 
az 
— 
on 
oy) 
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9Ee-7 


I 


SVXAL gh 


SLNAWNYLISN 


L00ZZ SVX3L‘NOLSNOH efrrl XOE 301d4O 1SOd 


SBCLK 


SAS 
(see Note A) 





SRNW 


SXAL 


- SALE 


SADLO-SADH/7, 
SADHO-SADL/7, 
SPH, SPL 


SDTACK 
(see Notes B and C) 


SDDIR 


SDBEN 
(see Note A) 





| | | 7 
————— (high) rete 
216 > fe | 7 | 





tT If parameter 208a is not met, valid data must be present before SDTACK goes low. 
NOTES: A. Motorola-style bus slaves hold SDTACK active until the bus master deasserts SAS. 
B. All Vss pins should be routed to minimize inductance to system ground. 


C. Onread cycle, read strobe remains active until the internal sample of incoming data is completed. Input data can be removed when either the read strobe or SDBEN 





becomes no longer active. 


Figure 38. 68xxx-Mode DMA-Read-Cycle Timing 
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68xxx-mode DMA-write-cycle timing 


; 









Setup time, asynchronous input SDTACK before SBCLK no longer high to assure recognition 


[MIN MAX ‘UNIT 
208b Hold time, asynchronous input SDTACK after SBCLK low to assure recognition on this cycle aa oe 
S _ 





te(SCK)+ 
Pulse duration, SAS, SUDS, and SLDS high 
ulse durati a ig tw(SCKL)-25 


211 Delay time, SBCLK high in T2 cycle to SUDS and SLDS active ns 
211a Delay time, output data valid to SUDS and SLDS no longer high tw(SCKL)— 15 


2 


Delay time, SBCLK low to address valid 
216a Hold time, SALE or SXAL low after SUDS and SAS high tw(SCKL)— 15 
25 


215 Pulse duration, SALE and SXAL high te(SCK)—25 


Delay time, SBCLK high to SXAL low in the TX cycle or SALE low in the T1 cycle PB 





Delay time, SBCLK low in T2 cycle to output data and parity valid 


12 
7 
8 
9 
1 
2 


21 
21 
21 
22 
22 
223M 


225W | Delay time, SBCLK high in T4 cycle to SDBEN high 
225WH | Hold time, SDBEN low after SUDS and SLDS high tw(SCKL)-25 | 


216 _| Delay time, SBCLK high to SALE or SXAL high 
5 


Hold time, address valid after SALE, SXAL low . tw(SCKH)- 15 


Delay time, SBCLK high to SAS low PB 






Setup time, address valid before SALE or SXAL no longer high tw(SCKL)—15 
Setup time, address valid before SAS no longer high tw(SCKL)—15 
237W ‘| Delay time, SBCLK high in T1 cycle to SDBEN low PB 
: 2tc(SCK)+ 
239 Pulse duration, SAS 
243 | Pulse duration, SUDS and SLDS to(SCK)+ Sons 


SUDS and SEDS no longer i a 

: = 

| : Tas 
i SXAL High Ts 
: Tas 

: 3 Tne 

: | a 
Hold ime, output data, party valid afer SUDS and SLOS high —~S~S~S gS SC*dC 
3 ns 
"SDS, nd SASH Cie 

ah SOBENN = 
: Tas 

before SAL : ss 
ah SOBEN Tne 
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8tc-7 


L002Z2 SVX3L ‘NOLSNOH e€¢rt XO 30IddO LSOd 
SLINANNULSN 


SVXdL oe 





| | 
SRNW | | 217-4 
SXAL 


SALE 





Output Data 


ended Address aaa | 


SADLO-SADH/, 
SADHO-—SADL/7, 
SPL, SPH 






| Ext 
SDTACK 
(see Notes A and B) 


SDDIR 


SDBEN 
NOTES: A. All Vss pins should be routed to minimize inductance to system ground. 





B. On read cycle, read strobe remains active until the internal sample of incoming data is completed. Input data can be removed when either the read strobe or SDBEN 


becomes no longer active. 


Figure 39. 68xxx-Mode DMA-Write-Cycle Timing 
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68xxx-mode bus-arbitration timing, SIF returns control 


223bT | Delay time, SBCLK low in I1 cycle to SBHE/SRNW in the high-impedance state 
Delay time, SBCLK low in cycle I2 to SOWN high 


224d _ | Delay time, SBCLK low in cycle |2 to SDDIR high 


Setup time, SUDS, SLDS, SRNW, and SAS control signals in the high-impedance state before SOWN no 


24ot longer low 





tT This specification has been characterized to meet stated value. 
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Ove-v 


L0022 SVX3.L ‘NOLSNOH eft! XOd 301340 LSOd 


I 


SVXAL gi 


SLNANNULSN 


SIF Inputs: 


SBCLK 





SDTACK 
SIF Outputs: 


SBRQ 
(see Note A) 


SAS, SUDS, 
SLDS 


SRNW 


SADHO-—SADH/7, 
SADLO-SADL7, 
SPH, SPL 


SDDIR 


SOWN 


SIF Master Bus Exchange 





Write | 





Read 





224b hq] 


NOTE A: In 80x8x mode, the system-interface deasserts SHRQ on the rising edge of SBCLK following the T4 state of the last system bus transfer it controls. In 68xxx mode, 





the system-interface deasserts SBRQ on the rising edge of SBCLK in state T2 of the first system bus transfer it controls. 


Figure 40. 68xxx-Mode Bus-Arbitration Timing, SIF Returns Control 
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68xxx-mode bus-release and error timing 


[Nop TOT 
[208a_| Setup time, asynchronous input before SBCLK no ongerhightoaseurerecogniion ——S—«d—t don 
[2080 [Hold time, asynchronous input SBRLS, SOWN, or SBERR after SBCLK low'o assure recognition | 16 | ns 
[2080 [Holdtime, SBALStowaterSOWNHgh ——SSSSCSCS~S~CS~CSCS~S*dS 
[236 _[ Setup time, SSERF low before SOTACK no longer igh parameter 208anotmet————+| 30 | ns 







T3 


SBRLS | [~ 208b 
(see Note A) | | 


SOWN | l¢———|- 208b 


SBERR | 
(see Note B) 


\t¢——. 236 —>} 


SDTACK \ / 


NOTES: A. The system interface ignores the assertion of SBRLS if it does not own the system bus. If it does own the bus when it detects the 
assertion of SBRLS, it completes any internally started DMA cycle and relinquish control of the bus. If no DMA transfer has internally 
started, the system interface releases the bus before starting another. 

B. If SBERR is asserted when the system interface controls the system bus, the current bus transfer is completed regardless of the 
value of SDTACK. If the BERETRY register is nonzero, the cycle is retried. If the BERETRY register is zero, the system interface 
releases control of the system bus. The system interface ignores the assertion of SBERR if it is not performing a DMA bus cycle 
onthe system bus. When SBERR is properly asserted and BERETRY is zero, however, the system interface releases the bus upon 
completion of the current bus transfer and halts all further DMA on the system side. The error is synchronized to the local bus and 
DMA stops on the local sides. The value of the SDMAADR, SDMADDRxX, and SDMALEN registers in the system interface are not 
defined after a system-bus error. 

C. Incycle-steal mode, state TX is present on every system-bus transfer. In burst mode, state TX is present on the first bus transfer 
and whenever the increment of the DMA address register carries beyond the least significant 16 bits. 

D. SDTACK is not sampled to verify that it is deasserted. 

E. Unless otherwise specified, for all signals specified as a maximum delay from the end of an SBCLK transition to the signal valid, 
the signal is also specified to hold its previous value (including high impedance) until the start of that SBCLK transition. 














Figure 41. 68xxx-Mode Bus-Release and Error Timing 
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normal completion with delayed startt 
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T Only the relative placement of the edges to SBCLK falling edge is shown. Actual signal edge placement may vary from waveforms shown. 


Figure 42. 68xxx Bus Halt and Retry Cycle Waveforms 
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® Frame-Processing Accelerator for FN PACKAGE 
TMS380C2x Adapters | (TOP VIEW) 


© Supports TMS380C2x Token-Ring Adapters 
® Supports TMS380C2x Ethernet™ Adapters 


@ Interfaces Directly to TMS380C2x Network 7 
Commprocessors MADHO [] 8 PLLVpp 

















° as MADH1 [F929 PLLCAP 
® Hardware Capture of Network Statistics MADH2 [P10 PLIVes 
®@ Increases Adapter-Frame-Processing Rate te : oe 

Up to 28K Frames per Second iio Ae MASE 
i . V i Vv 
ee sche wore ‘oa 
®@ 0.8-um CMOS Technology Vop I] 16 MANTI 
@ 250-mA Typical Latch-Up Immunity at 25°C Bat BN ste 
@ ESD Protection Exceeds 2,000 V MADHE6 {J t9 EoNle 
Z ; : . MADH7 [J 20 MBRQ 
® 52-Pin Plastic Leaded Chip Carrier (FN) sah Bag ioee oly de ucen aes tuted 
© Operating Temperature Range = ine 
0°C to 70°C GRE Gg 235 18? 


description 


The TMS380FPA frame processing accelerator (FPA) provides hardware to accelerate the processing rate of 
frames by the network communications processor (commprocessor). The CPU of a normal TMS380C2x 
adapter is responsible for frame transport between network and host, gathering adapter and network statistics, 
local-network-management protocols, and medium-access-control (MAC) protocols. The TMS380FPA puts the 
performance bottlenecks of frame transport and statistics gathering into dedicated hardware, leaving the CPU 
to run MAC and management protocols. 


The TMS380FPA is responsible for: 


@ Management of all commprocessor protocol handler (PH) operations. The FPA manages all receive and 
transmit frame queues. 


@ Management of adapter buffers. The FPA manages all adapter memory buffers, allocating them to the 
appropriate queues as required. 


@ Management of host DMA by way of the commprocessor system interface (SIF) DMA controller. 


@ Management of frame transfers to the host. The FPA manages queues of frames to and from the host, 
manages rx/tx list information, and coordinates the two. 


® Gathering adapter and network statistics in dedicated hardware counters. 


IBM and Token-Ring Network are trademarks of International Business Machines Corp. 
PacketBlaster is a trademark of Texas Instruments Incorporated. 
Ethernet is a trademark of Xerox Corporation. 


ADVANCE INFORMATION concerns new products in the sampling or Copyright © 1995, Texas Instruments Incorporated 
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4-244 





LAN Subsystem 











Transmit 








Token-Ring or 
Ethernet — 
Physical-Layer 


TMS380C2x [  ” | 
Circuitry 
TMS380FPA 






| Attached 
System 
Bus 


To 
Network 














Receive 









Figure 1. Network-Commprocessor Applications Diagram 
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functional block diagram 


TMS380FPA attaches directly to the adapter local memory bus of a TMS380C2x COMMprocessor. Generally, 
FPA pins should be directly connected to like-named pins of the TMS380C2x. 


FPA Local- MADHO 
Microcontroller Bus 
Interface MADH7 
MADLO 
e Datapath e Local-Bus Arbiter 
»>— MADL7 
e SRAM Control Store e Local-Bus Control 
e Scheduler e Local Parity- MRAS 
. Check/ Generator MGAS 
MAXPH 
MAXPL 
MW 
MOE 
MDDIR 
MAL 
MAX0 
MAX2 
MBEN 
MBGR 
MBRQ 
Adapter- PLL baie 
Monitoring Clock PLLCAP 
Logic Generator 
e PH rx Monitor and rx 
FIFO FPA Registers MRESET 
e PH tx Monitor Bene 
l t 
° SIF DMA Monitor ls cara ania 
e Statistics Registers MANT4 
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Pin Functions - | 


PIN , 
NAME no, | Wot | DESCRIPTION 


EXTINTO 35 | © [FPA interrupt request (see Note 1) 


8 Local-memory address, data, and status bus — high byte. For the first quarter of the local-memory cycle, 
these bus lines carry address bits AX4 and A0 to A6; for the second quarter, they carry status bits; and 
for the third and fourth quarters, they carry data bits 0 to 7. The most significant bit is MADHO, and the 
least significant bit is MADH7. . 

















Memory Cycle 
1Q 2Q 3Q 4Q 
AX4,A0—-A6° Status DO-D7 DO—D7 


Local-memory address, data, and status bus ~ low byte. For the first quarter of the local-memory cycle, | 
these bus lines carry address bits A7 to A14; for the second quarter, they carry address bits AX4 and 
AO to A6; and for the third and fourth quarters, they carry data bits 8 to 15. The most significant bit is 
MADLO, and the least significant bit is MADL7. | 








Signal 











Memory Cycle 
1Q 2Q ~3Q 4Q 
Signal A7-A14 AX4,A0-A6 D8—D15 D8—D15 


Memory-address latch. MAL is a strobe signal for sampling the address at the start of the memory 
cycle; it is used by SRAMs and EPROMs. The full 20-bit word address is valid on MAXO, MAXPH, 
MAX2, MAXPL, MADHO—MADH7, and MADLO—MADL7. Three 8-bit transparent latches can be used 
to retain a 20-bit static address throughout the cycle. 










32 


Rising edge = No signal latching 
Falling edge = Allows the above address signals to be latched 


§ 
> 
i 





Test pin inputs. MANTO and MANT1 should be left unconnected (see Note 2). Module-in-place test 
mode is achieved by tying MANTO and MANT1 to ground. In this mode, all TMS380FPA output pins 
are in high-impedance state and internal pullups on all TMS380FPA inputs are disabled (except 
MANTO and MANT 1). 


Local-memory-extended address bit. MAX0 drives AX0 at row address time, which can be located by 
MRAS. Normally, MAX0 drives A12 at column address and data time for all cycles. 













MAX0 30 1/0 Memory Cycle 


1Q 2Q 3Q 4Q 
AX0 Ail2 Ai2 Ai2 


Local-memory-extended address bit. MAX2 drives AX2 at row address time, which can be located by 
MRAS. Normally, MAX2 drives A14 at column address and data time for all cycles. 





















Signal 


Memory Cycle 
1Q 2Q 3Q 4Q 
Signal — AX2 —A14 A14 A14 


Local-memory-extended address and parity—high byte. For the first quarter of a memory cycle, 
MAXPH carries the extended address bit AX1; for the second quarter of a memory cycle, MAXPH | | 
carries the extended address bit AX0; and for the last half of the memory cycle, MAXPH carries the | 

parity bit for the high-data byte. 






| MAXPH 7 1/0 


Memory Cycle 
1Q 2Q 3Q 4Q 
AX1 Parity — Parity 








Signal 
T| = input, O = output 
NOTES: 1. Pin has an open-collector output. EXTINTO should have an individual 1-kQ pullup resistor. A 4.7-kQ resistor can lead to transmit 
underruns in the adapter system and should not be used. For this reason, a 1-kQ resistor is specified. 
2. Pinhas an internal pullup device to maintain a high-voltage level when left unconnected (no etch or loads). Alternatively, both pins 
together and pulled high can be tied through a single 4.7-Q pullup resistor. 
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1Q 2Q 3Q 4Q 


Local-memory-extended address and parity —low byte. For the first quarter of amemory cycle, MAXPL 
MAXPL 6 1/0 
Signal AX3 AX2 Parity Parity 


carries the extended address bit AX3; for the second quarter of a memory cycle, MAXPL carries 

Buffer enable. MBEN enables the bidirectional buffer outputs on the MADH, MAXPH, MAXPL, and 

MADL buses during the data phase. MBEN is used in conjunction with MDDIR, which selects the buffer 
ae D4 output direction. 






extended address bit AX2; and for the last half of the memory cycle, MAXPL carries the parity bit for 
the low-data byte. 







Memory Cycle 






















MBEN 
H Buffer output disabled 
L Buffer output enabled 
NBGA 37 ea Local bus grant. MBGR indicates that the FPA has been granted access to the adapter local-memory 
bus. 
Local bus request. MBRQ is used by the FPA to request bus-master access to the adapter | 
MBRQ 34 1/0 local-memory bus. The FPA also monitors MBRQ to allow it to defer to other higher-priority bus 
requests (see Note 1). 
Column-address strobe for DRAMs. The column address is valid for the 3/16 of the memory cycle 
following the row-address portion of the cycle. MCAS is driven low every memory cycle while the 
column address is valid on MADLO—MADL7, MAXPH, and MAXPL, except when one of the following 
conditions occurs: 
MCAS 26 ; 
When the address accessed is a TMS380C2x internal register (>01.0100 — >01.01FF). 
2) When the address accessed is in the TMS380C2x external device-address range 
(>01.0200 ->01.02FF). This address range includes the FPA registers. 
3) When the FPA ROM bit is set, and the address accessed is in adapter ROM-address range 
| (>00.0000—>00.FFFE or >1F.0000->1F.FFFE). 
Data direction. MDDIR is used as a direction control for bidirectional bus drivers. MDDIR becomes valid 
before MBEN becomes active. 
MDDIR 31 1/0 
H TMS380FPA memory bus write 
L TMS380FPA memory bus read 
Memory output enable. MOE is used to enable the outputs of the DRAM memory during a read cycle. 
MOE is high for EPROM or BIA ROM read cycles. 
1) When the address read is a TMS380C2x internal register (>01.0100->01.01FF). 
2) When the address read is in the TMS380C2x external device-address range 
MOE 22 (>01.0200->01.02FF). This address range includes the FPA registers. 
3) When the FPA ROM bit is set, and the address read is in adapter ROM-address range 
(>00.0000—>00.FFFE or 1F.0000-1F.FFFE). . 
H= Disable DRAM outputs 
L= Enable DRAM outputs 
Row-address strobe for DRAMs. The row address lasts for the first 5/16 of the memory cycle. MRAS 
MRAS 23 is driven low every memory cycle while the row address is valid on MADLO—MADL7, MAXPH, and 
MAXPL for both RAM and register-access cycles. 
Memory bus reset. MRESET is the reset signal provided by the TMS380C2x and is used to reset and 
MRESET 41 initialize the FPA internal logic. While MRESET is asserted, all FPA output pins are in the 
high-impedance state. 





T | = input, O = output 
NOTE 1: Pin has an open-collector output. EXTINTO should have an individual 1-kQ pullup resistor. A 4.7-kQ resistor can lead to transmit 
underruns in the adapter system and should not be used. For this reason, a 1-kQ resistor is specified. 
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Pin Functions (Continued) 










tas -memory write. MW is used to specify a write cycle on the local-memory bus. The data on the 
MADHO—MADH7 and MADLO-MADL7 buses is valid while MW is low. DRAMs latch data on the falling 
edge MW, while SRAMs latch data on the rising edge of MW. 
. Not a local memory write cycle 

Local memory write cycle 


: os No connect. Do not connect these pins. 


MBCLK1 43 Pe ae Local-bus clock 1. MBCLK1 is referenced for all local-bus transfers. 
PLLCAP ail Pott Phase-locked loop (PLL) tuning capacitor (see Note 3). 


V | Positive-supply voltage for digital logic. All Vpp_ pins must be attached to the common-system 
DDL a | power-supply plane. 
3 


Positive-supply voltage for output buffers. All Vpp pins must be attached to the common-system 
power-supply plane. 








Ground reference for output buffers (clean ground). All Vsgc pins must be attached to the 
common-system-ground plane. 






Ground connections for output buffers. All Vss pins must be attached to common-system-ground 
plane. 






t | = input, O = output 

NOTES: 3. The PLLCAP requires the following connection: PAE WN SSS 
These components must be placed as close as 1kQ 0.1 pF 
possible to PLLCAP. PLLGND UV 


4. \solate PLLVpp to a separate PLL power pad with 
ferrite bead separation from the common-system —— . Vpp 
power-supply plane. A 0.1-y.F decoupling capacitor PLLVpp 3 —-———" *** a 
on PLLVpp is also necessary as shown. These Gnp U 0.1 LF 


components must be placed as close as possible to 
PLLVpp. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Vpp (see Note 5) ..... 2 ec ee eee eee eee eee eens -0.6to7V 
Input voltage range (see Note 5) ..... ccc ec ccc cece eee eee eet e nent e renee eens -0.3 V to 20 V 
OUIDUT VONEOS Tande naceces te WS ouda bane eda oaa ace se cuda entero eemetee noe ages -2Vto7V 
POWGROISSIDAUON suavetsnatescer acer a dess ou ecmiatnat em neideeae sia acrwnes vecasagenee rs 0.5 W 
Operating free-air temperature range, Ta ...... cece ccc ete tence eee eee eee neee 0°C to 70°C 
Storage temperature TanGe® s.2c02c%wcoemeae web tect Deanne w Uae eE es —65°C to 150°C 


+t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 5: Voltage values are with respect to Vss. 


recommended operating conditions 






Twin NOM WAX | UNTT 
[ars 5526 | V 
a a as 

2 





Vpp Supply voltage 
Vss Supply voltage (see Note 6) 


ae 

VIH High-level input voltage 
| 

pw | 

| mA 














5 5 5.25 
0 ; 
VIL Low-level input voltage, TTL-level signal (see Note 7) —0.3 0.8 
IOH High-level output current pA 
lOL Low-level output current (see Note 8) mA 
TA Operating free-air temperature 
NOTES: 6. All Vss pins should be routed to minimize inductance to system ground. 
7. The algebraic convention, where the more negative (less positive) limit is designated as a minimum, is used for logic-voltage levels 
only. | 
8. Output current of 2 mA is sufficient to drive five low-power Schottky TTL loads or ten advanced low-power Schottky TTL loads (worst 
case). 


electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 










VOH _ High-level output voltage, TTL-level signal (see Note 10) | Vpp=MIN, IoH=MAX | 24 | ov | 
VOL __ Low-level output voltage, TTL-level signal | Vpp=MIN, — IoL=MAX [| = og] Vs 
- 
[20] A 

| mA 

, Lape) 
za 


ADVANCE INFORMATION 












lo High-impedance output current - 
20 
rf Input current, any input or input/output pin +20 
Ipp__ Supply current mA 
Input capacitance, any input 
Co Output capacitance, any output or input/output 


NOTES: 9. For conditions shown as MIN or MAX, use the appropriate value specified under the recommended operating conditions. 
10. The following signals require an external pullup resistor: EXTINTO and MBRQ. 


i 
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test measurement 


Outputs are driven to a minimum high-logic level of 2.4 V and to amaximum low-logic level of 0.6 V. These levels 
are compatible with TTL devices. | 


Output transition times are specified as follows: for a high-to-low transition on either an input or output signal, 
the level at which the signal is said to be no longer high is 2 V, and the level at which the signal is said to be low 
is 0.8 V. For a low-to-high transition, the level at which the signal is said to be no jorge! low is 0.8 V, and the 
level at which the signal is said to be high is 2 V, as shown below. | 


The rise and fall times are not specified but are assumed to be those of standard TTL devices, which are typically 
1.5 ns. | 


==. ———— 2V (high) 
at Nansen 0.8 V (low) 


The test load circuit shown in Figure 3 represents the programmable load of the tester-pin electronics, that are 
used to verify timing parameters of TMS380FPA output signals. 


Tester-Pin 
Electronics 







Output 
VLOAD Under 
| Test 
cr 
ow ft | 
Sie aad 
Where: loL = 2 mA DC-level verification (all outputs) 


lOH = 400 LA (all outputs) 


VLOAD=__ 1.5 V, typical dc-level verification 
0.7 V, typical timing verification 


Cr = 65 pF, typical load-circuit capacitance 


Figure 2. Test-Load Circuit 
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timing parameters 


The timing parameters for all the pins of TMS380FPA are shown in the following tables and are illustrated in 
the accompanying figures. The purpose of these figures and tables is to quantify the timing relationships among 
the various signals. The parameters are numbered for convenience. 


static signals 


The following table lists signals that are not allowed to change dynamically and have no timing associated with 
them. They should be strapped high or low as required. 










SIGNAL FUNCTION 
MANTO Test pin for Tl manufacturing testt 
MANT1 Test pin for Tl manufacturing testt 


t For unit-in-place test 


timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC standard 100. In order to shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as shown below: 


DR DRVR RS SRESET 
DRN DRVR VDD VppL, VDDB 
OSC OSCIN 

SCK SBCLK 


Lower-case subscripts are defined as follows: 


Cc cycle time r rise time 

d delay time sk skew 

h hold time su setup time 

Ww pulse duration (width) t transition time 


The following additional letters and phrases are defined as follows: 


H High Z High impedance 
L Low Fallingedge §Nolonger high 


V Valid Risingedge No longer low 
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PARAMETER MEASUREMENT INFORMATION 


power up, MBCLK1, MRESET timing | 


[No [OOO 
1007 [qvpp) _Risetime, 12,Viominimum Vpphighevel SSCS 
111 [tqoky) Delay time, minimum Vpp-tigh level to MBGLKi vad SSS Ys 

Ta7¥[tnvopreAsty Hold time, MRESET iow after Vop reaches minimum tighlevel ————~—SC*~SS «ms 





118T =| twrRsH Pulse duration, MRESET high | 


tw(RSL Pulse duration, MRESET low 


T This specification is provided as an aid to board design. This specification is not tested. 


















>| je 100 
ae —————— Minimun Vpp High Level 3 
Vpp | 
mecikt OM JN US 


WE eee 
| | 


| | | ¢—— 118 —_-» 
SS SSS SSS | je 119») 


NOTE A: In order to represent the information on one illustration, nonactual phase and timebase characteristics are shown. Refer to specified 
parameters for precise information. 


Figure 3. Power Up, MBCLK1, and MRESET Timing 


clock timing: MBCLK1 


[No [OTT 
[1 [Peregoimeguas ——SCSCS—S—SC“‘“SsSC‘“~sSs“‘“‘~SsSCSCS 
[2 | Puise duration, MACLKingh OOS Sd 
aoe : sss 
an SR OE 







Pulse duration, MBCLK1 low . 


Transition time, MBCLK1 





' Ms ' M1! M2' M3 ' M4 ' M5 ' M6! M7! M8‘ Mt 


: ty <> ; ; \¢—__— , ; eens ‘ 
le 3 > 

MBCLK1 - ~ oe 2 i eo 

t \ ' ' /_ | t |: 

He Ae 


Figure 4. Clock Timing: MBCLK1 
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PARAMETER MEASUREMENT INFORMATION 


FPA-bus-master timing: MAL, MRESET, and ADDRESS 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


a 
[8 _ | Setup tine, addresslenablo on MAXO and MAXE before MBCLKi nolongerhigh Sty 
[2 [Setup time, row address on WADLO-MADL7, MAXPH, and MAXPL belore MBCLKY nolongerhigh | tym-t4 










Setup time, address on MAXO and MAX2 before MBCLK1 no longer low 


Setup time, column address on MADLO—MADL7, MAXPH, and MAXPL before MBCLK1 no josy-3 | 
longer low 


Setup time, status on MADHO-—MADH7 before MBCLK1 no longer low 
Delay time, MBCLK1 no longer low to MRESET valid 


129 









Hold time, column address/status after MBCLK1 no longer low 





MBCLK1 








MAXO, 
MAX2 


MAXPH, 
MAXPL, 
MADLO —MADL7 


MADHO — MADH7 


MAL 


lg_pi-_ 126 


| 
MRESET Valid 


Figure 5. FPA-Bus-Master Timing: MAL, MRESET, and ADDRESS 
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PARAMETER MEASUREMENT INFORMATION | 


FPA-bus-master timing: MRAS, MCAS, and MAL to ADDRESS 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 









[win wAX [UNIT 
[16 | Hold ime, row aderess on MADLO-MADL7, MAXPH, and MAXPL afer MRAS no ongerhigh | ty-6.5 
[17] Delay time, MRAS no longer tight MAS no onger high inthe next memory cycle [ty 


Setup time, column address (MADLO-MADL7, MAXPH, and MAXPL) and status | osu-2 | os | 
| (MADHO—MADH7) before MCAS no longer high 

|_| ino noni anor MRSiow NANT MARR and MPU are Sans] yg [ne 

(MADHO—MADH7) after MCAS low 

Hold time, column address (MADLO-MADL7, MAXPH, and MAXPL) and mae) aoys5 |e 
(MADHO—MADH7) after MRAS no longer high 

a 
Tas 
[25 | Hold ime, row adaress on MADLO-MADL7, MAXPH, andl MAXPL afer WALlow | tse ——*d| ns | 
ieee! 
jon, MAL hi rom 
| ns 
| 20 | ane: 
me 
z ca 















Pulse duration, MAL high | M9] 


| Hold time, address/enable of MAXO and MAX2 after MAL low 
Setup time, address on MADHO—MADH7 before MAL no longer high 
| 31 | Hold time, address on MADHO-MADH7 after MAL low 


Setup time, row address on MADLO—MADL7, MAXPH, and MAXPL before MAL no longer high 
| Setup time, address/enable on MAX0O and MAX2 before MAL no longer high | tM-9 
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MAXPH, 
a oP <i ——— 2 <= 
MADLO — MADL7 


| 6 eo +> 26 


MAX2 
| 24 7 


| 
eer | » pl 31 
Sika | 


ee CD Ce ee CLD CLD = 


1+#—— 22 ——> 
Figure 6. FPA-Bus-Master Timing: MRAS, MCAS, and MAL to ADDRESS 
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PARAMETER MEASUREMENT INFORMATION 


FPA-bus-master timing: read cycle 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


Gen ey es MNT 








32 Access time, address/enable valid on MAXO and MAX2 to valid data/parity 6ty - 23 
Access time, address valid on MAXPH, MAXPL, MADHO—MADH7, and MADLO-MADL7 to 
valid data/parity . 6tyj—-23 






Access time, MRAS low to valid data/parity 4.5ty—-21.5 


36 Hold time, valid data/parity after MRAS no longer low a ae 


Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO—MADH7 and 






37T | MADLO—MADL?7 after MRAS high (see Note 11) 210.5 


38 Access time, MCAS low to valid data/parity 3ty-23 
39 Hold time, valid data/parity after MCAS no longer low Tn On. us eo ns 


Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO—MADH/7, and | 
40t | MADLO-MADL? after MCAS high (see Note 11) 2tM-13 


41 Delay time, MCAS no longer high to MOE low tw+13 


Setup time, address/status in the high-impedance state on MAXPH, MAXPL, 
42t | MADLO-MADL7, and MADHO-MADH7 before MOE no longer high | se are 


Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO—MADH/, and 


47t | MADLO-MADL7 after MOE high (see Note 11) | 2tM-15 
Setup time, address/status in the high-impedance state on MAXPH, MAXPL, | 
MADLO—-MADL7, and MADHO—MADH/7, before MBEN no longer high 
m8 
ns 
Hold time, valid data/parity after MBEN no longer low | a as 


Hold time, address in the high-impedance state on MAXPH, MAXPL, MADHO—MADH/7, and 
52t | MADLO—MADL7 after MBEN high (see Note 11) 2tm—15 


53 Hold time, MDDIR high after MBEN high, read follows write cycle 1.5tyj—-12 
54 __ | Setup time, MDDIR low before MBEN no longer high 
| Hold time, MDDIR low after MBEN high, write follows read cycle Sty-12 


t This specification has been characterized to meet stated value. This parameter is not tested. 

NOTE 11: The data/parity that exists on the address lines will most likely achieve the high-impedance state sometime later than the rising edge 
of MRAS, MCAS, MOE, or MBEN (between MIN and MAX of timing parameter 36) and will be a function of the memory being read. 
The MIN time given represents the time from the rising edge of MRAS, MCAS, MOE, or MBEN to the beginning of the next address 
and does not represent the actual high-impedance state on the address bus. 











43 
44 
45 














4st 





49 
50 
51 
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MAXO, Address/ 


Per 32 Sn ee Data/Parity 
MAXPH, MAXPL, 
MADLO—MADL7 


—— ta 
ice 
| 
| 
<— 2 —>, | | 
| | | > 39 
; | 1; 
—— \ | 117 | | 
MCAS ! | 7 | 
| aie | ag oY 
ste | des 
| 
| le—pt- 40 | ! 
4s—>! i ere 
l | | | le 52 -p 
MBEN /, ae Kit 50-24 ]; 
| | | 
| 





C——* 
MDDIR \ it 56 ma) 


Figure 7. FPA-Bus-Master Timing: Read Cycle 
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PARAMETER MEASUREMENT INFORMATION 


FPA-bus-master timing: write cycle 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


NAT 
Setup time, MW low before MRAS no longer low 1.5tyy - 9 








Setup time, MW low before MCAS no longer low 1.5tyj—-6.5 
Setup time, valid data/parity before MW no longer high 0.5tyy—11.5 
Pulse duration, MW low . 2.5tM—-9 _ 





[nO 

me, MW } a 
E60 - | ime, MW = | > 

eee ee & 
jon, MW | acs 
[65 _[Holdtime, datafpaiy outvaidaferMWhigh | Ott |g 
[66 [Setup time, address valid on MAXO and MAX@ before MW nolongeriow | MS ns 
[67 _[Holdtime, MAS iow toMWnolongeriow TOs 
[68 [Hoidtime, MCAS tow toWWnotongeriow ts 
[70 _[Setuptime, MBEN ow before MWnolongerhigh | 1s 
me, MEN no onger hi 
: er MBEN hi 


Setup time, MDDIR high before MBEN no longer high | atu-9 ids 
Hold time, MDDIR high after MBEN high | 15ty-12. dT ons 
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we Xe Xe KEE 
| 
| 
MAXPH, MAXPL, 
es, a 
MADLO—MADL7 | 


MCAS | \ | | 


, It 70 > 71 le 
EEN / \ Vi 
| | 

t— 72 —> 73 +> 


MDDIR 


ADVANCE INFORMATION 


Figure 8. FPA-Bus-Master Timing: Write Cycle 
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PARAMETER MEASUREMENT INFORMATION 





FPA-slave timing: read cycle 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). . 


Setup time, address on MAXO, MAX2 before MBCLK1 falling edge, FPA-slave read 
Hold time, address on MAXO, MAX2 after MBCLK1 falling edge, FPA-slave read 





[MIN MAX | UNIT 
Setup time, valid address before MBCLK1 falling edge, FPA-slave read 


Hold time, valid address after MBCLK1 falling edge, FPA-slave read 
Setup time, address in the high-impedance state before MBCLK1 falling edge, FPA-slave read 
ime 


| 1 

1 
Setup time, data/parity in the high-impedance state after MBCLK1 falling edge, FPA-slave read 
Setup time, MDDIR low after MBCLK1 falling edge, FPA-slave read 
Hold time, MDDIR low after MBCLK1 falling edge, FPA-slave read ty 


Setup time, data/parity valid after MBCLK1 falling edge, FPA-slave read 0.5tyy + 10 
Hold time, data/parity valid after MBCLK1 falling edge, FPA-slave read | tM 
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| ¢—o> 85 | 
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Figure 9. FPA-Slave Timing: Read Cycle 
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PARAMETER MEASUREMENT INFORMATION 


FPA-slave timing: write cycle 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


NO IN 
[96 | Setup tine, vatddatalpay ater MBCLK1 faling edge, FPA-slavewite ——S~*~sC ytd 
Hold time, valid data/parity after MBCLK‘1 falling edge, FPA-slave write | tM ons 
[28 | Setup time, MDDIR high after MBCLKG faling edge, FPA-slve wrte ——~S~S~S~S~s tS SC*dCs 
| 99 | Hold time, MDDIR high after MBCLK1 falling edge, FPA-slave read | tm | 
















UNIT 





‘M8 ' Mi ' M2' M3! M4' M5 '' M6! M7 ' M8! M1 | 


MBCLK1 
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Figure 10. FPA-Slave Timing: Write Cycle 
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PARAMETER MEASUREMENT INFORMATION 


FPA-slave timing: status monitoring | 

ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). . 
ee ee ee ee eee ee 
Setup time, valid bus status on MADHO-MADH7 after MBCLK1 fallingedge, FPA-slave cycle | 2ty-5 | ns | 
| ns _| 





Hold time, valid bus status on MADHO-MADH7 after MBCLK1 falling edge, FPA-slave cycle 





| M8 | M1 | M2 | M3 |} M4! M5 | M6! M7! M8! M1 | 


| 
¢———_——»| 101 


100 


| 
+> | 


Figure 11. FPA-Slave Timing: Status Monitoring 
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PARAMETER MEASUREMENT INFORMATION 


FPA-bus arbitration: arbitration handshake 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 









TNO] wn WAX 
77 [Hota tie, MBRG output ow aftr MBCLK alg edge, FPA-bus request Sid ty 
[21 | Setup time, MERC input valid before MBCLKI fling edge, request overide———~S~C~sSC~‘i CSCS 
[22 [Hold time, MBRG input valid before MBCLK" faling edge, requestoverie Sid ty 
[a3 [Delay tne, MEGA high afer WBOLIC faling edge, bs taken fom FPA 





| M&8| Mi| M2| M3| M4| MS5| M6] M7| M8| M1{ M2| M3| M4| M5| M6| M7| M8 | 
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l ¢—— 77 —> | 
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Figure 12. FPA-Bus Arbitration: Arbitration Handshake 
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PARAMETER MEASUREMENT INFORMATION 


FPA-bus arbitration: FPA takes control of bus 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 


Delay time, MBCLK1 falling edge to FPA valid, bus resume 





Setup time, FPA in the high-impedance state after MBCLK1 rising edge, bus resume 


MAXPH, | | 
MAXPL, : 
MADHO—-MADH/7, 


MADLO—MADL7 


Figure 13. FPA-Bus Arbitration: FPA Takes Control of Bus 
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PARAMETER MEASUREMENT INFORMATION 


FPA-bus arbitration: FPA releases control of bus 


ty is the cycle time of one-eighth of a local-memory cycle (31.25 ns minimum). 










om 

[74 [Hold time, FPA after MBCLKT faling edge, busrelease——SSCSC~S~*~ YTS 
[74a__| Hold time, MBEN valid afer MBCLKT fling edge bus release SSSCSCS~SCY «dn 
25h 
[752 [Delay time, MBGLKT fling edge to NGEN inthe high-impedance stat, bus release [a | rs 


MBCLK1 FS wot Kets % 


MAXO, 
MAX2 






MAXPH, | 
MAXPL, 
MADHO—-MADH7 


MADLO-—MADL7 


MDDIR 


¢——— T4a ——+ 
\¢——— 75a ——_» 
Figure 14. FPA-Bus Arbitration: FPA Releases Control of Bus 
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® Source-Routing Bridge Accelerator for 
16-Mbps and 4-Mbps Token-Ring Bridges 

® Compatible With the IBM Token-Ring 
Network Architecture 

@ Interfaces Directly to the TMS380Cx6 
Second-Generation Network 
Commprocessor 

® Provides Automatic Recognition of 
Source-Routing Field in Token-Ring Frame 
for Hardware-Accelerated-Frame Copying 
and High-Performance Bridging 

®@ Utilizes Tl-Patented Enhanced-Address 
Copy Option (EACO) Interface of the 
TMS380Cx6 

® High-Performance, 1-um EPIC™ CMOS 
Technology 

@ 44-Pin JEDEC PLCC Surface-Mount 
Package 


Token-Ring LAN SRA Applications Diagram 











Attached 
System 
Bus 


EPIC is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA Information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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t These pins must be left externally unconnected. 
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description 


The TMS380SRA source-routing accelerator (SRA) device provides the hardware for direct recognition and 
parsing of the source-routing field in a token-ring frame. The TMS380SRA is designed to interface directly to 
the TMS380Cx6. The TMS380SRA searches the received frame for frames that need to be forwarded to the 
adjacent ring by examining the source-routing field. If a frame is to be forwarded, the frame is copied by the 
adapter and transferred to the attached system through the system interface of the TMS380Cx6. A second 
adapter with the TMS380SRA can also be included in the attached system (thus forming a bridge) to provide 
an identical function for the second ring. Transfer of data between the two rings pane occurs under attached 
system-software control. 


A block diagram of the TMS380SRA is shown in Figure 1. The internal registers fall into two categories: registers 
that can be set by the host software for the specific bridge parameters for this adapter, and dynamic registers 
that are loaded with the received frames-routing information as read from the adapter bus transfer. The routing 
information is compared to the specified bridge parameters, which determines the value to be placed on the 
XMATCH and XFAIL pins. The memory-interface (MIF) address output during memory cycles is shown in 

~ Table 1. Status information is provided on the MADHO—MADH/7 signals in the second quarter of the memory 
cycle (shaded area). MADH6 and MADH/7 are the bits that can be used by an EACO device. The information 
provided in these bits during the second quarter of the memory cycle can be decoded as follows: 


MADH6 H = _ The TMS3880Cx6 PH RX DMA machine is transferring a word of received 
frame data to memory. 
L = Atall other times 


MADH7 H = _ The TMS380Cx6s PH RX DMA machine is transferring the first word of a 
new received frame to memory. In a token- “ing frame, the first word contains 
the AC and FC fields. | 


L = Atall other times 


The decode of the rest of the status information is shown in Table 2 and Table 3. 


The TMS380SRA is available in a 44-lead plastic chip-carrier package (FN suffix) and is characterized for 
operation from 0°C to 70°C (L suffix). The electrostatic-discharge protection of the TMS380SRA is rated at 
500 V human-body model (HBM). 









MBCLK1 
MBCLK2 
MRESET 


Registers 


Containing: XMATCH 


XFAIL 














SET.BRIDGE.PARMS 












ibe ah Command Parameters 
MBEN - Source Ring 
— Target Ring State 
- — Bridge Number Machine 
MAXPH - Options 
MAXPL 


MADH(0 - 7) 
MADL(0 — 7) 









Dynamic Storage 
— Bus Status Byte 

~— Routing-Information 
Field Data 






Frame 
Start 
Control 








Vcc 
GND 


Figure 1. TMS380SRA Block Diagram 
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Table 1. TMS380Cx6 Address Output During Memory Cycle 


[FIRSTGUARTER | SECOND QUARTER | _RESTOFCYCLE 
AX2 A14 14 
AX3 AX2 i 






SECOND QUARTER 





re 
axl reid 
[axee Oddy 
x a [daa 


a 
a 
[wants CiSCSSCSC“‘“iSCSC*C*‘“‘(C a 
eC Oc 
Se OC 
Ee A 

a 

ata 



























a 


Tt These signals do not attach to the TMS380SRA,; therefore, there are no corresponding pins. 


Table 2. Status Information on MADHO—MADH7 


Se 
) 
MADHT 


+ To the TMS380SRA, these bits are don’t care. 
















Indicates which internal module of the TMS380Cx6 has ownership of the 
adapter memory bus (see Table 3)+. 
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Table 3. Decode of Status Information on MADH1—MADH4 


MADH1 MADH2  +#$=/MADH3 MADH4 | REPRESENTATION 
0 0 0 0 DRAM controller 





Pe ee Notassigned 
ee td PH TX DMA machine 
PHX DMA machine 


[Tod SIF machine 
[oS OMA aching 






a 
a 


=[-|-[-|[AJlololojololojo 
CloflolojJ-[-|[-Aa|T-lolojo 
=lolol=[-lLolfoj-|[-[Tolo|[-=|[-=|o 
Of-lTol-|ol-flo}f=a|[olAalo]|-[o}=a 


ee 2 


1 1 1 
t To the TMS380SRA, these bits are don’t care. 


Pin Functions 


PIN NAME NO. vo/zt DESCRIPTION 


a Adapter-memory address, data and status bus — high byte. For the first quarter of the adapter- 


—_ 









memory cycle, these bus lines carry address bits AX4 and AO to A6; for the second quarter, they carry 
status bits; and for the third and fourth quarters, they carry data bits 0 to 7. The most significant bit 
is MADHO and the least significant bit is MADH7. 


















Memory Cycle 

1Q 2Q 3Q 4Q 
Signal AX4, AO — A6 Status DO - D7 DO — D7 
Adapter-memory address, data and status bus — low byte. For the first quarter of the adapter-memory 
cycle these bus lines carry address bits A7 to A14; for the second quarter, they carry address bits 
AX4 and AO to A6; and for the third and fourth quarters, they carry data bits 8 to 15. The most 
significant bit is MADLO and the least significant bit is MADL7. | 

| | _ Memory Cycle | 
1Q 2Q 3Q 4Q 


AX7 -A14 AX4,A0-A6 D8-D15 ~ D8-D15 


Adapter-memory-extended address and parity — high byte. For the first quarter of a memory cycle, 
carries thé extended address bit (AX1); for the second quarter of a memory cycle, it carries the 
extended address bit (AX)); and for the last half of the memory cycle, it carries the parity bit for the 
high data byte. 


Signal 










Memory Cycle 


1Q 2Q 3Q 4Q 
Signal AX1 AX0O Parity 


Adapter-memory-extended address parity — low byte. For the first quarter of the adapter memory 
cycle, MAXPL carries the extended address bit (AX3), for the second quarter of a memory cycle, it 
carries extended address bit (AX2); and for the last half of the memory cycle, it carries the parity bit | 
| for the low data byte. 









/O 
/O 
/O 






/O 






Memory Cycle 


1Q 2Q 3Q 
AX3 AX2 Parity 







4Q 









| Signal 
+ Denotes input/output/high-impedance state 





vi TEXAS 
INSTRUMENTS 


4-270 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 





TMS380SRA 
SOURCE-ROUTING ACCELERATOR 


SPWS006 —- NOVEMBER 1991 


Pin Functions (Continued) 


/PINNAME NO. | _—_—-vovzt DESCRIPTION 


Adapter-bus clock 1 and adapter-bus clock 2. MBCLK1 and MBCLK2 are references for all 
adapter-bus transfers. MBCLK2 lags MBCLK1 by a quarter of acycle. These clocks operate at 8 MHz 
for a 64-MHz OSCIN (on the TMS380Cx6) and 6 MHz for a 48-MHz OSCIN (on the TMS380C x6), 
which is twice the memory cycle rate. The MBCLK signals are always a divide-by-8 of the OSCIN (on 
the TMS380Cx6) frequency. 


Buffer enable. MBEN enables the bidirectional buffer outputs on the MADH, MAXPH, MAXPL, and 
MADL buses during the data phase. MBEN is used in conjunction with MDDIR, which selects the 
buffer output direction. 



















MBCLK1 24 
MBCLK2 22 


aan | 
ween mn (see Note 1) 
_ ; po 
21 
9g 





















= Buffer output disabled 
= Buffer output enabled 









ta direction. MDDIR is used as a direction control for the bidirectional bus drivers from the 


380Cx6. MDDIR becomes valid before MBEN becomes active. 
= TMS380Cx6 memory-bus write 
= TMS380Cx6 memory-bus read | 

Memory bus reset. MRESET is a reset signal generated when either the ARESET bit in the SIFACL 


register is set or the SRESET is asserted. This signal is used for resetting external adapter bus glue | 
logic and the TMS380SRA. 


H External logic not reset 
L External logic reset 


External fail-to-match. The TMS380SRA device uses XFAIL to indicate to the TMS380Cx6 that it 
should not copy the data frame nor set the ARI/FCI bits due to an external address match. The 
ARI/FCI bits may still be set by the TMS380Cx6 due to an internal address match (see table in 
XMATCH description). 

H No address match by TMS380SRA 
L TMS380SRA armed state 


External match. The TMS380SRA device uses XMATCH to indicate to the TMS380Cx6 to copy the 
data frame and set the ARI/FCI bits. 


H Address match recognized by TMS380SRA 
Ls TMS380SRA armed state 


XMATCH XFAIL Function 
0 0 Armed (processing frame data) 
0 1 Do not externally match the frame 
1 0 Copy the frame 


XFAIL 2 
Do not externally match the frame 


XMATCH 28 
Reset state (TMS380SRA is in the reset state 


Voc (2 pins) 13,35 | 7 
GND (6 pins 
NC (13 pins) aaa These pins must be unconnected. 


t Denotes input/output/high-impedance state 
NOTE 1: Pin has an internal pullup device to maintain a high voltage level when left unconnected (no etch or loads) 






















| 
MRESET (see Note 1) 









































operation 


The TMS380SRA is designed to be interfaced with the TMS380Cx6 on DRAM-based adapters operating at 

4-MHz adapter-bus speed with no external glue logic required. In adapter designs utilizing EPROMs or other 

devices in addition to DRAMs and a BIA PROM, it may be necessary to buffer the DRAMs in order to reduce 
~ the total bus loading below the maximum output load capacitance (50 pF) of the TMS380SRA. 


The TMS380SRA control registers are mapped into the TMS380Cx6 memory map at all times, and no external 
chip-select signal is used. The adapter software controls access to these registers through the 
SET.BRIDGE.PARMS command (>0010), as described in the TMS380 Second-Generation Token-Ring User’s 
Guide (SPWS005). 
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operation (continued) 


The TMS380SRA is reset by a low-level signal on MRESET. The TMS380Cx6 forces a MRESET active during 
a hardware or software reset of the adapter. In the reset state of the TMS380SRA, XMATCH and XFAIL are in 
the high-impedance state. 


The TMS380SRA is also reset by the SET. BRIDGE. PARMS command before loading the supplied values and 
conditions for the TMS380SRA to use. If the SET.,BRIDGE.PARMS command is supplied with invalid values, 
the values are not loaded and the device remains in the reset state (disabled). 


The TMS380SRA should be placed such that the length of the signal lines between it and the TMS380Cx6 does 
not exceed 7 cm in length. Figure 2 illustrates the TMS380Cx6 to TMS380SRA interface. 


TMS380Cx6 TMS380SRA 


MBCLK1 MBCLK1 

MBCLK2 MBCLK2 

MRESET MRESET 
MAXPH MAXPH 


MAXPL MAXPL 
MADH(0 — 7) 


MADH(0 — 7) 
MADL(0 — 7) MADL(0 — 7) 
MBEN MBEN 
MDDIR MDDIR 
XMATCH XMATCH 
XFAIL XFAIL 





Figure 2. TMS380Cx6 to TMS380SRA Interface 


bridging 


Bridging is the process of passing information from one physical ring to another and is achieved by having a 
token-ring adapter attached to each ring but sharing a common attached-system processor. Each adapter 
monitors frames received on its ring for frames to be forwarded via its colleague to the other ring. When such 
a frame is detected, the transfer takes place via the attached-system processor. Each of these bridge adapters 
has a designator composed of its own ring number and its individual bridge number, and each also knows the 
ring number and bridge number of its colleague. This principle of the bridge is illustrated in Figure 3. Bridge #3 
on ring 1 looks for frames to be forwarded to ring 2, and similarly bridge #3 on ring 2 looks for frames to forward 
to ring 1. 


Bridge #3 Bridge #3 


Token-Ring Adapter . Token-Ring Adapter 
ind Sood4 r | TMS380Cx6 te ee 


cococt4d TMS38054 KK tTmsseocx6 [|] TMs3e084 FROSs— *, 


TMS380SRA 


TMS380SRA 


Attached- 
System 
Bus 





Figure 3. SRA Bridge 
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bridging (continued) 


The TMS380SRA source-routing accelerator provides for high-speed frame copying and forwarding to the 
attached system. The SRA monitors incoming frames and asserts either XMATCH and XFAIL for each frame 
to indicate whether the frame should be bridged. Asserting XMATCH enables the TMS380Cx6 commprocessor 
to copy the frame, set the address recognize indicator (ARI) bits in the frame status (FS) byte, and set frame 
copied indicator (FCl) bits in the FS if the frame is copied. The attached system provides the appropriate frame 
building and forwarding services as well as the bridge-control functions described in the IBM token-ring network 
architecture reference. 


The frame format containing the routing information is shown in Figure 4. The most significant bit of the 
source-address field is transmitted as a one, indicating that the frame contains routing information. If this bit is 
zero, the TMS380SRA does not copy the frame. The routing-information field immediately follows the source 
address and contains a 2-byte routing-control field and additional 2-byte route designators. The TMS380SRA 
supports up to fifteen route designators (see Note). The frame data, CRC field, end deliminator, and frame status 
follow the routing-information field. 


™ Significant Bit (MSb) of Source Address = 1 


Destination = Routing 


2-32 


ip ecaceeeteacSeetabern eatin sammetimnnr 


Number of Bytes 


Figure 4. Frame Format Containing Routine Information 


NOTE: IBM's current token-ring source-routing architecture supports only an 18-byte routing-information field. Texas Instruments Release 
1.00, 2.00 and 2.10 second-generation adapter software will not transmit frames with routing-information fields longer than 18 bytes. 


The routing-information field is expanded in Figure 5. If the frame is routed via a particular sequence of bridges 
(i.e., nonbroadcast), all the required route designators are provided by the token-ring node sourcing the frame. 
If the frame is a broadcast and meets requirements for forwarding (as determined by the routing-control field), 
the TMS380SRA copies the frame and the attached system adds the route designator of the next ring to the 
end of the routing-information field and transmits the frame through the colleague adapter. 


Routing Route Route Route 
Control Designator | Designator Designator 


2 Bytes 2 Bytes 2 Bytes 2 Bytes 


og ee 


Up to 15 Route Designators 





Figure 5. Routing-information Field 
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bridging (continued) 


The routing-control field contains two bytes of information as shown in Figure 6. Bits 0-2 indicate if the frame 

is a broadcast, and if so, what type. Bits 3-7 are the length field and indicate the length of the routing-information 

field, including the routing-control field. Bit 8 is a direction bit that, for nonbroadcast frames, indicates the order 

in which route designators should be interpreted by bridges routing the frame. Bits 9-11 are the largest 

frame-indicator bits, which can be modified by the attached system to indicate the maximum frame size that can 

travel via that bridge. The TMS380SRA ignores bit 2 in the broadcast-indicator field, bits 9-11 in the largest 
3 4 5 6 7 


frame size field, and bits 12-15 in the reserved field. 
Bit 0 1 2 8 9 10 11 
| Broadcast Length of Largest . 
Indicators Routing Information Frame Size 
These Bits Ignored by SRA 


12 13 14 #15 





Figure 6. Routing-Control Field 


Each ring in a multiple-ring network is assigned a unique ring number, and each bridge is assigned a bridge 
number, which may or may not be unique. Together the ring and bridge number form a route designator as shown 
in Figure 7. The two bytes of the route designator are divided into two parts. The least significant K-bits are the 
individual bridge number, and the most significant K-bits are the ring number. The individual bridge-number 
portion allows parallel bridges to exist to share traffic between two particular rings. The value of K is set using 
the PARTITION_LENGTH parameter of the SET.BRIDGE.PARMS command. 


Ring Number Individual Bridge # 


16-K Bits K Bits 


Figure 7. Route-Designator Field 


frame-copying algorithm 


Frame copying by the TMS380SRA is controlled by register-bit settings in the TMS380SRA and the 
incoming-frame routing-information field. If a frame is to be copied, the TMS380SRA asserts XMATCH, 
otherwise XFAIL is asserted. The TMS380SRA copies only frames with the source-routing-indicator bit set in - 
the source address. The major parsing function is controlled by the broadcast bit settings of the incoming frame 
in the routing-control field [the broadcast indicator bits of the routing-control field (bits O—2)]. The frame-copy 
algorithms are as follows: 


0xx — Indicates that the routing-information field contains a specific route for the frame to travel through the 
network (nonbroadcast routing). For direction bit equal zero, the TMS380SRA examines the route designators 
for two adjacent designators containing its own adapter ring number and bridge number, and its colleague 
adapter’s ring number. For direction bit equal one, the TMS380SRA examines the route designators for two 
adjacent designators containing its own adapter ring number, and its colleague adapter’s ring number and 
bridge number. If these combinations are detected, the frame is copied. If no such match is found, the 
TMS380SRA does not enable frame coying. The TMS380SRA uses the direction bit to determine the required 
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order in which the routing information should be interpreted. This allows a frame to be returned to the sender 
without having to reorder the designators by changing the direction bit. If the direction bit is zero, the designators 
are read from left to right; if the direction bit is one, from right to left. 


The TMS380SRA does not check that the same ring number appears more than once in the routing information. 
If rings 1, 2, and 3 are bridged together as a triangle, and a frame contains a sequence of designators 1, 2, 3, 
1, it circulates indefinitely. Attached system software should check for this condition before forwarding the frame. 


10x — Indicates that the frame is an all-routes broadcast. Every bridge forwards the frame to the next ring if 
ithas not already circulated on that ring or has not already traversed the maximum number of bridges permitted 
by the protocol. (IBM token-ring network architecture reference limits this count to seven.) If the network is 
configured so that there are several routes to the destination adapter, then as many copies are received by that 
adapter as there are routes. The ring number in the final route designator of a broadcast should be the same 
as the ring number of the token-ring adapter bridge that receives it for forwarding. the TMS380SRA does not 
copy an all-routes broadcast frame with an incorrect final-route designator. 


With broadcast frames, the value in the length field grows as the frame traverses the network. The first bridge 
to forward a frame adds 4 to the value and appends its designator (ring number and bridge number) and its 
colleague’s ring number to the routing-information field, leaving its colleague’s bridge number as all zeros. 
Subsequent bridges forwarding the frame add 2 to the value of the length field, add their bridge number into the 
all zeros bridge number part of the received final designator, and append their colleague’s designator to the 
routing-information field, again leaving the colleague’s bridge number portion as all zeros. 


11x — Indicates that the frame is a single-route broadcast. Only bridges that are set up to transfer single-route 
broadcast frames consider the frame for forwarding. The TMS380SRA can be configured to copy single-route 
broadcast frames using the SET.BRIDGE.PARMS command. Frames are copied by the TMS380SRA under the 
same conditions as for all-route broadcasts. There is nothing inherent in the frame to limit its propagation to just 
one route. The network manager must select which bridges forward single-route broadcast frames and inform 
the bridges appropriately. 


length-field requirements 


The five length bits in the routing-control field indicate, in bytes, the length of the routing-information field. The 
minimum value is 2, which is how all bridge-broadcast frames originate, and the maximum value supported by 
the TMS380SRA is 30. All odd values, 0, 4, and values greater than 30 result in frames not being copied by the 
TMS380SRA. A value of 4 is illegal since this would mean there was only one route designator present. A value 
of 2 is not copied by the TMS380SRA for nonbroadcast frames. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage; Vec(see Note: 2): a caved ohedeansess nesses suck Re ehie i eawewees -0.5Vto7V 
INDE VOlLAG6 TANQG: oa foi cacestayhaaets ceaae amnsnane daw uaawas nent ages aa Gateoe wees -0.5Vto7V 
Output voltage range ........ cece cee cee cence et tennees Sisteeuanenasaetn: eee. AOSEVtOTV 
Operating free-air temperature range, Ta ......... cece eee t eee e eens alee seenteres 0°C to 70°C 
Storage temperature range ice es 2550s teens dese deacons sednead Case sdeeencteane: —65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 2: Voltage values are with respect to GND. 


recommended operating conditions 


The TMS380SRA is designed to interface directly to the TMS380Cx6 token-ring commprocessor, Refer to the 
TMS380 Second-Generation Token Ring User’s Guide (SPWS005) for details on TMS380Cx6 operation. 


All inputs to the TMS380SRA have TTL compatible levels. All outputs are CMOS compatible; therefore, 
like-named pins on the TMS380SRA and TMS380Cx6 should be connected together. 


VCC Supply voltage : = ; =: = 
Vcc __ Supply voltage, GND (see Note 3) | 45 5 55| V | 


Ss att Except XMATCH and XFAIL fe es 8 
IOH High-level output current : mA 
) XMATCH and XFAIL 
| | Except XMATCH and XFAIL a.) 

lOL Low-level output current (see Note 4) mA 
XMATGH and XFAIL 


TA Operating free-air temperature 


MADH, MADL, MAXPH, MAXPL Pe ea OO | 
CL Output load capacitance pF 
XFAIL, XMATCH 


NOTES: 3. Ail GND pins should be routed to minimize inductance to system ground. 
4. The algebraic convention, where the more negative (less positive) limit is designated as a minimum, is used in this data sheet for 
logic voltage levels only. 










































electrical characteristics over recommended operating conditions (unless otherwise noted) 


PARAMETER TEST CONDITIONS YP MAX] UNIT 
(see Note 5) 


| MIN T 
VIL Low-level input voltage, TTL-level signal Voc = 4.5 V aa 
Vog=MIN, lo, = MAX 
[Vou Low-level output voltage, TTLevelsignal | Vcc=MIN, lol=MAX_ | ——~—~—i| 
[oi Inputcapactanes anyinpt PCT SS 
[5 Output capacitance, any output orinpuvoutt sf SSSCSC~dCSCSCSCSCSC~SS YS 


' NOTE 5: For conditions shown as MIN or MAX, use the appropriate value specified under the recommended operating conditions. 
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® Facilitates Connection of the TI380C25, FN PACKAGE 
TI380C27, or TMS380C26 to a Token-Ring (TOP VIEW) 
Network™ uw $92 y 9 
e2 6438s 5 S58 
® Compatible With Electrical Interface of 6ESkkERRR 2G 


ISO/IEC IEEE Std. 802.5:1992 Token-Ring 


Access Method and Physical Layer 39 f] GNDA2 

Specifications 38 [] RCVINA 
® Constant-Gain Phase Detector for UTP ai 

Applications DRVR 


DRVR 
VccD 
DROUTA 
DROUTB 
GNDRV 
PHOUTB 


@ Phase-Locked Loop for Clock Generation 
and Data Signal Recovery 


@ Independent Transmit and Receive 
Channels 


@ Phantom Drive for Physical Insertion Onto 
Ring 
® 16- and 4-Mbps Token-Ring Data Rates 





@ Integrated Receiver Frequency Equalization 


PAH PACKAGE 
@ Loop Back (Wrap Mode) for Self-Test (TOP VIEW) 
Diagnostics w <0 0 
BB gsxegsse 88 
® On-Chip Watchdog Timer SESLALSISLS OZ 
® ESD Protection Exceeds 2 kV per 39 38 37 36 35 34 33 32 31 30.29 28 27 
MIL-STD-883C, Method 3015 SPSW | GNDA2 
NC RCVINA 
® Advanced Low-Power Schottky Technology NC NC 
VCOGAN RCVINB 
@ 44-Lead Plastic Chip-Carrier Package (FN GNDAI WRAP 
: p . V DRVR 
Suffix) or 52-Pin Thin Quad Flatpack (PAH ttpeial Sava 
Suffix) GNDAI Vocp 
NC DROUTA 
Pee GNDA1 DROUTB 
description NC NC 
STERES GNDRV 
The TMS38054 ring interface device with its eae lat EHOUTE 
associated external passive components form a UO 





full-duplex electrical interface to the token ring. 
Coupling the TMS38054 with one of the TMS380 
family of commprocessors forms a_ highly 
integrated token-ring LAN adapter compatible 
with the ISO/IEC IEEE Std. 802.5: 1992 token-ring access method and physical layer specifications. 


The TMS38054 operates at the IEEE-standard 16-Mbps and 4-Mbps data rates. The token-ring data stream 
is received by the TMS38054 and phase aligned using an on-chip phase-locked loop (PLL). Both the recovered 
clock and data are passed to the TI380C2x single-chip token-ring commprocessor’s protocol-handling circuits 
for serial-to-parallel conversion and data processing. On transmit, the TMS380C2x provides a differential signal 
that the TMS38054 converts to analog levels for transmission on the media. A watchdog timer is also included 
to provide fail-safe deinsertion from the ring in the event of a station failure. The phase-detector gain is constant 
for all valid differential Manchester data that provide increased margin for unshielded twisted-pair applications. 


NC 


PHOUTA 


~ a 
Q< 
lu © 
co 
a 
z 


GNDD 


Token-Ring Network is a trademark of International Business Machines Corp. 





PRODUCTION DATA Information Is current as of publication date. Copyright © 1994, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include iS 7, 
testing of all parameters. I EXAS 
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description (continued) 


The TMS38054 is available in a 44-lead plastic chip-carrier package (FN suffix) and a 52-lead plastic quad 
flatpack (PAH suffix). The TMS38054 is characterized for operation from 0°C to 70°C with case temperature 
maintained at or below 99°C. 





Token-Ring Adapter 


= 
Tsagoc2x |_| | TMS3e054 | 


Memory 












Transmit 


















Attached 
System 
Bus 


To 
Network 


2 





Receive 


Figure 1. Token-Ring LAN Application Diagram 
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NC§& 











Static high = Inactive, phantom current removed 
(due to watchdog timer) 
Staticlow = Inactive, phantom current removed 













Pin Functions 
PIN me 
Tn | VOrEt TYPEF DESCRIPTION 
DROUTA PAH <—e Driver outputs A and B. DROUTA and DROUTB are the differential driver outputs to 
DROUTB 17 31 the token ring via isolation transformers. 
DRVR 21 35 Differential driver data inputs. DRVR and DRVR are the differential inputs that receive 
DRVR 20 34 the ’380C2x transmit data. 
Output-enable control. ENABLE is the TTL input used to enable a board-test mode. 
High = TMS38054 operates normally 
ENA se . Low = All TTL outputs and phantom drive outputs are driven to the 
high-impedance state. DROUTA and DROUTB are not affected. 
EQUALA 32 44 E Equalization/gain points A and B. EQUALA and EQUALB are connections that allow 
EQUALB 31 43 E frequency tuning of the equalization circuit. 
FILTER . 46 40 Charge pump output/ filter buffer input. FILTER allows connection. of external 
components for the PLL filter. 
Frequency acquisition control. FRAQ determines the use of frequency or 
phase-acquisition mode. 
FRAQ 22 T High = Wide range. Frequency centering to XTAL reference. 
Low = Narrow range. Phase locked onto the incoming data (RCVINA and 
RCVINB). 
44, 47, | 10,13,1 
q ’ ’ ’ ’ : ‘ 
GNDA1§ 49, 52 a Ground reference for VCO and filter input ; 
GNDA2§1 26,27 | 39,40 aa a Ground reference for receiver circuits 
GNDB§{ 33, 39 P46 { | | Ground reference for input and output buffers 
GNDD§ 20, 28 a aa Ground reference for digital circuits . 
GNDRVS§ | 15 | 30 | || Ground reference for driver output circuits 
|] Not internally connected 
Energy-detect capacitor. NRGCAP allows connection to an external capacitor for 
NOCAE p22 [w]e | ow | sensing received-data transitions (energy). 
Phantom-driver control. NSRT enables PHOUTA and PHOUTB through the 
watchdog timer for insertion onto the token ring. 
NSRT 24 T 
(due to watchdog timer) 
Falling edge = Active, current output on PHOUTA and PHOUTB 
PHOUTA 12 27 Phantom-driver outputs A and B. PHOUTA and PHOUTB cause insertion onto the 
PHOUTB 14 29 token ring. 
Recovered clock. RCLK is the clock recovered from the token-ring received data. For 
RCLK 35 3 T 16-Mbps operation, RCLK is a 32-MHz clock. For 4-Mbps operation, RCLK is an 
8-MHz clock. 
RCVHYS 30 40 Receiver hysteresis resistor. RCVHYS allows setting of the receiver (hysteresis) 
threshold. 
RCVINA 25 38 Receiver inputs A and B. RCVINA and RCVINB receive the token-ring data via 
RCVINB 23 37 isolation transformers. 
RCVR i ee See (ee ee (i Recovered data. RCVR contains the data recovered from the token ring. 
tT | = input, O = output, E = provides external component connection to the internal circuitry for tuning 
tT = TTL signal, N = non-TTL signal, D = differential drive or data 
§ These terminals should be connected to a single power or ground plane as appropriate. 
| GNDA1, GNDA2, and GNDB are internally connected together. 
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Pin Functions (Continued) 


PIN NUMBER - | ; 
| PAH | FN | volet TYPEt DESCRIPTION 


: - | Ready. REDY to the ’380C2x provides an indication that sufficient time has elapsed 
since the last transition of FRAQ for the PLL to achieve lock as monitored by the 
REDY 1 T energy-detect capacitor. 
High = Received data not valid 
Low = Received data valid | 
Speed switch. SPSW specifies the token-ring data rate. 
SPSW 40 7 T High = 4-Mbps data rate 


Low = 16-Mbps data rate 
51 
Vocai8 45 


Static timing error resistor. STERES allows connection to an external resistor for 
adjusting the static-timing error. 
Voca2’ 2 
3 


Positive supply voltage for VCO and filter input 
5,19 




































oo 


Positive supply voltage for receiver circuits 
Positive supply voltage for input and output buffers 
Positive supply voltage for digital circuits (5 V) 


oO) 


Vocp§ 21,33 


VCOGAN 43 


VCO gain resistor. VCOGAN allows connection to an external resistor for setting the 
VCO gain 
Watchdog timer capacitor. WDTCAP allows connection to an external capacitor, 
which sets the watchdog-timeout period. 
Phantom-wire-fault. WFLT provides an indication of the presence of a short circuit or 
open on PHOUTA or PHOUTB. 






< 
| = @) 
be OQ 
O us] 
> wm 
Uv 















WFLT High = No fault 
Low = Openor short 
Internal-wrap mode control. WRAP allows the TMS38054 to be placed in the 
WRAP loopback-wrap mode for adapter self test. 
High = Normal ring operation 
Low = Transmit data drives the receive data. 











Crystal-oscillator input. XTAL (normally externally gated by FRAQ) is used to 
synchronize the PLL. XTAL is 32 MHz for 16-Mbps ring, and 8 MHz for 4-Mbps ring. 


| = input, O = output, E = provides external component connection to the internal circuitry for tuning 
+T = TTL signal, N = non-TTL signal, D = differential drive or data | 
§ These terminals should be connected to a single power or ground plane as appropriate. 


Nn — 
(oR) o oa] +f 





— 
ae 
> 
~~ 


architecture 


The major blocks of the TMS38054 include the receiver, data latch, transmitter, wrap, voltage regulator, energy 
detect, phase-locked loop, watchdog timer, and phantom driver and wire-fault detect (see functional block 
diagram). The functionality of each block is described in the following sections. 
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receiver 


WDTCAP 


NSRT 


WRAP 
DRVR 
DRVR 


RCVINA 
RCVINB 


EQUALA 
EQUALB 
RCVHYS 


SPSW 
XTAL 
FILTER 
VCOGAN 
STERES 
FRAQ 


Watchdog Timer 


Phantom Driver and 
Wire-Fault Detect 


: 


Receiver 


Phase-Locked 
Loop/ Clock 
Recovery 





2 


Transmitter 


Data Latch 


Voltage 


Regulator 


3.9V 
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qu 


PHOUTA 
PHOUTB 
WELT 


DROUTA 
DROUTB 


RCVR 


RCLK 


> REDY 


NRGCAP 
ENABLE 


The receiver circuit reads incoming data from the ring and performs five other functions: 


Provides dc bias for the differential input 
Provides clamping of large signal swings 
Provides gain and equalization 

Provides definition of thresholds 
Provides hysteresis for data detection 


Gain as a function of frequency is set by the equalizer impedance. Equalization characteristics are determined 
by the external equalization circuit across EQUALA and EQUALB. Equalization is effective at low-signal 
amplitudes. At larger-signal levels, nonlinear effects reduce the effective equalization. The signal level where 
saturation occurs is determined by the impedance between EQUALA and EQUALB. The circuit is suitable for 
differential Manchester-encoded data at 16 or 4 Mbps. 
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data 


latch 


The output of the receiver drives two internal circuits: the data latch and the phase detector. The latch samples 
the internal receiver output signal on the rising edge of the internal recovered clock. Data (RCVR) is therefore 
stable and can be sampled at the rising edge of RCLK. The timing of this edge is set by the phase detector and 
other loop components so that the received signal is sampled at the optimum time for error-free data recovery. 
Both the sampled data and the recovered clock signal are buffered and sent to the ’380C2x token-ring 
commprocessor as the RCVR and RCLK signals to provide decoding of the differential Manchester data. 


Static-timing error is defined as the amount of error that the rising edge of the recovered clock has from the 
midpoint of the data signal into the data latch. An error of zero is optimum sampling, as this places the rising 
edge of the sampling clock in the middle of the data pulse. A positive offset represents early sampling. 


_ transmitter 


wrap 


The transmit driver provides differential current drive at a suitable level for driving the data onto the ring. Both 
outputs (DROUTA and DROUTB) are open collector and intended to drive a center-tapped transformer with the 
center tap connected to Vcc. The output stage controls a fixed current between the two outputs under the control 
of the driver data input (DRVR and DRVR). 


DRVR and DRVR drive a differential transmit circuit that enhances the symmetry of the current switching on 
DROUTA and DROUTB. The DRVR and DRVR inputs are not retimed within the TMS38054. Consequently, low 
skew in the input is important in order to avoid degrading the transmitted output waveform. The transmitter-drive 
outputs are not affected by ENABLE. When DRVR is high and DRVR is low, the output current is directed to 
DROUTA and, when reversed, to DROUTB. 








The wrap function provides an internal signal path used for system self-test diagnostics. When the internal-wrap 
mode-control input (WRAP) is taken low, the transmitter outputs are disabled and the receiver inputs are 
ignored. An alternate path is provided from the transmitter output circuitry to the receiver input circuitry through 
the wrap circuit. This wrap path to RCVR inverts the transmitted signal. In the internal-wrap mode, attenuation 
is checked by observing the signal amplitude at EQUALA and EQUALB. Equalization is active at this signal level 
although the signal does not exhibit the high-frequency attenuation effects for which equalization is intended 
to compensate. 





phantom driver and wire-fault detector 


The phantom-drive circuit under control of NSRT generates a dc signal on both of the two drive outputs, 
PHOUTA and PHOUTB. To maintain the dc signal, NSRT must provide a positive (low-to-high) clock edge once 
every 20 ms. An internal watchdog timer (oneshot) is designed so that the PHOUTA and PHOUTB dc signals 
are removed if NSRT fails to have the required transitions. The PHOUTA and PHOUTB signals are sent over 
the transmit-signal pair to the trunk-coupling unit (TCU) to request that the station be inserted into the ring. The 
signal current is detected by the TCU, causing the external-wrap path from the transmitter outputs back to the 
receiver inputs to be broken. A connection is established from the ring to the receiver inputs and from the 
transmitter outputs to the ring. The phantom-drive outputs are short-circuit protected; they detect a short circuit 
from either output to ground or when there is an abnormally low load current at either output corresponding to 
an open circuit in the signal or TCU wiring. Either type of fault results in WFLT being driven low. The logic state 
of WFLT is high when NSRT is high. All three outputs, PHOUTA, PHOUTB, and WFLT, are in the 
high-impedance state when ENABLE is low. 














watchdog timer 


The watchdog timer provides protection against a failed adapter remaining on the ring. NSRT must be toggled 
low or the watchdog timer will turn off the phantom drive. The period of the watchdog timer is determined by 
the value of the external capacitor connected to WDTCAP. The capacitor is chosen to give a period of 21 ms 
minimum and 50 ms maximum. This assures compatibility with a system that toggles NSRT ata rate faster than 
once every 20 ms and assures deinsertion from the ring within 50 ms of the last NSRT high-to-low transition. 
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watchdog timer (continued) 





The duty cycle of NSRT is not critical. Phantom drive is turned on following a falling NSRT edge. Deinsertion 
occurs if NSRT is left high or low or if the internal-wrap mode is selected from WRAP. The following describes 
the operation of the watchdog timer and indicates the priorities of the control signals: 


@ WRAP is low (internal mode selected): 
— Phantom drive is off. Operation of the watchdog timer is not defined but can continue, and if the timer 
has not expired, taking WRAP high can result in the phantom drive being turned on. 


@ WRAP is high: 

— Ifthe timing capacitor is connected and NSRT goes from high to low, the timing capacitor is charged 
or recharged to a defined level. Phantom drive is on and discharging of the timing capacitor 
continues. 

— lf the timing capacitor is connected and NSRT goes from low to high, there is no effect on the 
watchdog timer and the discharging of the timing capacitor continues. 

— Ifthe timing capacitor is connected and the capacitor discharges to a defined level, the phantom drive 
is turned off regardless of the state of WRAP. 

— If the timing capacitor is not connected and the timing capacitor pin is held to Voc + 0.5 V, the 
phantom drive is controlled directly by NSRT. This serves to disable the watchdog-timer function. 











voltage regulator 


The internal voltage regulator is used to make the performance of the TMS38054 less dependent on the supply 
voltage. The regulator consists of a band-gap reference scaled up to a nominal 3.9 V with a temperature 
coefficient designed to compensate for coefficients in circuits referenced to the voltage regulator. 


phase-locked loop/clock recovery 


The TMS38054 contains a phase-locked loop (PLL) for recovering a data clock from the received bit stream. 
The elements of PLL are: phase and frequency detectors, a charge pump, an external filter (connected to 
FILTER), a filter buffer, a voltage-to-current converter, and a voltage-controlled oscillator. There are three pins 
on the TMS38054 that allow connection to external components and tuning of the characteristics of the 
phase-locked loop. These pins are FILTER, STERES, and VCOGAN. Figure 2 illustrates these blocks. The 
following paragraphs describe the PLL elements. 
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phase-locked loop/clock recovery (continued) 


- VCOGAN 


From Receiver Recovered Clock 


STERES T | Multiplexer a SPSW 
"Filter 


XTAL * Bd Buffer 
requency 
. — | DOWN Pump 
} Divide by 4 } Divide by 4 
FRAQ 


Voltage-to-Current ers 
Converter (V/I) 


i Phase 
Detector 


To Energy-Detect Block 





Figure 2. Phase-Locked-Loop Block Diagram 


phase and frequency detectors 


The phase- and frequency-detector blocks generate control signals suitable for controlling the chatas pump. 
The frequency detector is used to bring the frequency of the voltage-controlled oscillator (VCO) close to the 
frequency of XTAL. The phase detector is used to provide precise phase alignment of the recovered clock to 
the incoming data. The circuit is not capable of locking the PLLin cases where the VCO frequency and incoming 
data frequency differ substantially, hence, the need for frequency centering before phase algnmen to incoming 
data occurs. 


The phase detector compares the phase of the received data and the recovered clock, and accordingly 
generates the charge pump control signals, UP and DOWN. The width of the UP pulse is determined by the 
phase alignment of the received data and the recovered clock. Each UP pulse is followed by a DOWN pulse 
of constant width. Phase-detector UP-DOWN sequences are initiated at a 16-MHz rate for all valid differential 
Manchester data patterns. This rate can drop momentarily during code violations or delimiters, but such 
deviations are of short duration and the gain of the phase detector can be considered constant. 


A multiplexer selects the required detection mode during insertion onto the ring. The frequency-detection mode 
is selected by taking FRAQ high and the, phase-detection mode is selected by taking FRAQ low. The phase or 
frequency detectors supply the necessary charge (or UP) and discharge (or DOWN) control signals to the 
charge pump. 
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charge pump 
The charge pump supplies charge to and removes charge from the external filter components. The output of 


either the phase detector or frequency detector drives the charge pump as selected by FRAQ. The charge pump 
has two internal inputs, so there are four possible states of the charge pump: 


@ Pump UP — current into the filter, increasing the voltage 

@ Pump DOWN — current out of the filter, reducing the voltage 

@ No pump — in the high-impedance state, holding the voltage on the filter 

@ Pump UP and pump DOWN - both currents on (not allowed by the detector logic) 


The pump UP and pump DOWN currents are approximately equal; the net charge supplied by the charge pump 
in a given time depends primarily on the relative duration and frequency of UP and DOWN controls from the 
phase and frequency detectors. If the net current output is positive, the voltage at FILTER rises causing an 
increase in the VCO clock frequency. If the net output is negative, the FILTER voltage falls slowing the VCO 
clock. 


The charge-pump block has two constant-current circuits operating continuously, one for pump UP and one for 
pump DOWN. They are designed for stability under all operating conditions. The UP current is fixed and directly 
affects the magnitude of the loop gain and the bandwidth and damping factor of the loop. Any difference between 
the UP and DOWN currents creates an offset in the loop, which introduces a static-timing error. Provision for 
an external resistor at STERES is included to allow slight variation in the DOWN current and allows the 
static-timing error of the loop to be adjusted to compensate for error introduced by the charge pump and other 
elements of the PLL. This resistor is not required for normal operation of the TMS38054, but provisions should 
be made to accommodate this resistor in possible future applications. 


external filter 


The external filter consists of passive external components connected from FILTER to ground. A system 
diagram for the PLL circuit is shown in Figure 3. The phase-detector/charge-pump gain, Gg, is given in the 
electrical specifications as 16 Mbps. This value is true for any valid differential Manchester data pattern. The 
result is in pwA/ns, which can be converted to A/rad by using the equation on the following page. The value, 
in A/rad, is the same at both 16 Mbps and 4 Mbps. 


The VCO gain, Go, is given in the electrical specifications at 16 Mbps. This value is in MHz/V, which can be 
converted to rad/volt by using the equation on the following page. The value at 4 Mbps is one-fourth this value 
because of the x4 divider on the VCO output at 4 Mbps. 


Phase Charge External Filter 
Detect Pump Filter Buffer 


Recovered 
Clock 











Figure 3. Analytical PLL Diagram 
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A typical external filter circuit is shown in Figure 4. Capacitor C5 limits the filter-buffer ripple but should be 
chosen to be as small as possible to reduce PLL overshoot. The resistor (R5) sets the effective bandwidth of 
the PLL closed loop, and capacitor C4 sets the damping factor. The filter buffer is an amplifier with bandwidth 
of 3—5 MHz. 


Recovered 
- Clock 







External 
Filter 


Co 





Figure 4. Analytical PLL Model 


The simplified equations for the PLL are: 


VCO gain | Ko = (Go) (105) (2x) (F) ~ rad/(s e V) 
i oe 3 ) ~9 
Phase-detector gain = (Sag) ON) eee Ore A/rad 
| d 2m 
~(K,) (K,) (R5 in ohms 
PLL-noise-equivalent bandwidth Bp a a aa Hz 
Gop = the VCO gain measured in MHz/V 
Gg = phase-detector gain measured in pA/ns | 
F = the frequency divider factor;i.e., oF = 1 for 16-Mbps operation . 


F : 


These equations are only a.guide and the actual bandwidth and PLL-damping characteristics should be 
obtained through correlation and modeling on specific hardware implementations that take into effect all circuit 
card parasitics. Both 16-Mbps and 4-Mbps ring operation can be achieved by suitable selection of glue 
components at each frequency. More information on PLL characteristics are found in: 


@ Gardner, Floyd, Phase Lock Techniques, John Wiley & Sons, 1979. 

@ Token Ring Access Method and Physical Layer Specification, ANSI/IEEE/ISO/IEC Standard 
802.5:1992. 

@ Gardner, Floyd, “Charge-Pump Phase-Locked Loops”, /EEE Transaction Communications, 
Vol. COM—28, pp. 1849 — 1858, Nov. 1980. 


0.25 for 4-Mbps operation 
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filter buffer and voltage-to-current converter (V/I) 


The filter-buffer amplifier is a unity-gain amplifier used to buffer the voltage present at FILTER with minimal 
leakage current. The output of the filter buffer drives a voltage-current (V/I) converter that produces equal 
currents, proportional to the filter voltage, for use in the voltage-controlled oscillator (VCO). The current level 
or constant of proportionality is set by the external resistor connected to ground connected at VCOGAN. This 
resistor sets the VCO gain, which is critical to loop gain and damping. The filter voltage range over which the 
current level tracks the voltage determines the pull-in range of the VCO. 


voltage-controlled oscillator (VCO) 


The voltage-controlled oscillator (VCO) is an emitter-coupled astable multivibrator. The frequency is set by 
internal circuit parameters, the currents from the filter buffer, and an internal VCO timing capacitor. Symmetrical 
circuit design helps ensure symmetry of the VCO output, which has a nominal frequency of 32 MHz. The VCO 
output Is buffered and sent to the divider (for 4-Mbps operation) and multiplexer circuit. 


divider and multiplexer 


The multiplexer selects the source of the recovered clock, which can be either the direct output of the VCO 
(nominally a 32-MHz signal) or the divided version of the VCO output (nominally an 8-MHz signal) for 16- or 
4-Mbps operation. The output clock of the VCO is fed to a divide-by-4 circuit and to a multiplexer. The divider 
is enabled when SPSW is high. The recovered clock is passed to frequency and phase detectors, the clock of 
the data latch, and is buffered at RCLK and passed on to the ’380C2x commprocessor for processing of the 
received data. 


energy detect 


The energy-detect circuit provides a timing delay on REDY. When FRAQ changes state, it indicates to the 
energy-detect circuit that a change of lock mode has occurred and that time must be allowed before data 
recovered by the TMS38054 can be considered valid. The energy-detect-timing capacitor is discharged shortly 
after a low or high going transition of FRAQ, which results in the REDY signal being deasserted. 





The time taken for the TMS38054 to acquire phase lock depends on the transition density of the incoming data, 
so the delay of the energy-detect circuit also changes. Each rising transition of data results in a current pulse 
of fixed duration being injected into the energy-detect-timing capacitor. The charge time of the capacitor is 
dependent on incoming-data-transition density and REDY is reasserted after the capacitor reaches an internally 
set threshold voltage. 





A small discharge current is always present on the energy-detect-timing capacitor. When the 
incoming-data-transition density falls below a certain threshold, the current pulses may not be sufficient to 
overcome this discharge current and REDY may not be asserted. 





test mode 


The TMS38054 features a test mode for board-level testing with the components in the circuits. This facilitates 
testing by bed-of-nails testers. This test mode is enabled by pulling ENABLE to a low level. DROUTA and 
DROUTB are not affected by this function. When ENABLE is high, the TMS38054 operates normally. When 
ENABLE is low, the circuit continues to operate except that PHOUTA, PHOUTB, RCVR, WFLT, and RCLK are 
driven to the high-impedance state and REDY is driven high. 
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external passive circuitry 


Figure 5 shows an arrangement of external components for a typical 16-Mbps or 4-Mbps token-ring interface. 
The selection of component values is dependent on the objective of the design. The design needs to take into 
account the importance of layout and component selection (values and tolerances). 


The ISU1 and ISU2 blocks represent transformers that couple data from the TMS38054 to the ring. They also 
represent protection circuitry against large voltage excursions. Information on ISU1 and ISU2 connections can 
be found in the TMS38054 Second-Generation Ring Interface Design Note (revision C). To obtain this aeeien 
note, contact the TMS380 Technical Support Line at TIS880HOT@micro.ti.com. 
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5V 


TMS38054T 






32 OuTt 





DRVA 
REDY 
ENABLE 
NSRT 
WFLT 
WRAP 
DRVR 
RCLK — 
RCVR 
FRAQ 
XTAL 
SPSW 
FILTER : 
















C11 D4 





C4 


R5 


C5 Pay, 


=e INt 


R3g 


R2 
R17 


T Pin numbers shown are for the FN package. 
+ Refer to the TMS38054 Second-Generation Ring Interface Design Note (revision C) for further information. 


Figure 5. Typical Token-Ring Interface Circuit for 16 Mbps or 4 Mbps 


Table 1. Typical Components for Figure 5 


SYMBOL(S) FUNCTION 


Equalizer capacitor 

Energy-detect capacitor 

PLL-filter capacitor 

PLL-filter capacitor 

Phantom-drive isolation capacitor 
Watchdog-timer capacitor 

Phantom surge-suppression diodes 
Driver surge-suppression zener diode 
Equalizer resistor 

Equalizer resistor 

VCO gain resistor 

Receiver-hysteresis resistor 

PLL-filter resistor 

Phantom-drive resistor 

Static-timing-error resistor 
Isolation/shaping unit (see previous page) 
Isolation/shaping unit (see previous page) 
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absolute maximum ratingst 


Supply voltage range, VooO ..-- eee cece cece ene e eee eaes Sy Se asiect Gudalesara acaba adicinne est aiew-atenaie woes -O0.5Vto7V 
Input voitage range, V; (See Note 1) 2... cc ccc eee e eee tence eee en nena neees -0.5Vto7V 
Output voltage range: Driver OutpUtS ......... ccc ccc cece ee eee nent eee eeeneees -O05Vto8V 

All other outputs (See Note 2) ......... cece cece eee e eens -O0.5Vto7V 
Power dissipation (see Note 3)... . cece eect eee eee n neces Pee re re rene ere ee 1.25 W 
Storage temperature range .......... 2. ccc eee eee eee ees soe detolea Gk teas rer ail wlasaete — 10°C to 150°C 


tT Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1. Inputs may be taken to more negative voltages if the current is limited to 20 mA. 
2. These outputs may not be taken more than 0.5 V above the Vcc pins. , 
3. Maximum power dissipation per package 


‘recommended operating conditions 


a SS 


+ Recommended operating conditions indicate the conditions that must be met to ensure that the device will function as intended and meet the 
detailed electrical specifications. Unless otherwise noted, all electrical specifications apply for all recommended operating conditions. Voltages 
are measured with respect to the device ground pins. Currents into the device are considered to be positive. 

NOTE 4: Vspis the self-bias voltage of the input pair RCVINA and RCVINB. Itis defined as Vsp = (VSBA +VSBB) /2 (where Vspa is the self-bias 

voltage of RCVINA; Vspp is the self-bias voltage of RCVINB). The self-bias voltage of both pins will be approximately Voc /2. 














V 
mA 
mA 
°C 





electrical characteristics over recommended range of supply voltage (unless otherwise noted) 
TTL input 


| TEST 
PARAMETER CONDITIONS | MIN MAX. UNIT 


iH High-level input current WRAP, ENABLE, FRAQ, XTAL, NSRT,SPSW | V|=2.7V 








iL __ Low-level input current WRAP, ENABLE, FRAQ, XTAL, NSRT,SPSW | Vj =0.4V mA 


| eee St meaner Input WRAP, ENABLE, FRAQ, XTAL, NSAT,SPSW | V)=7V 100 






WRAP, ENABLE, FRAQ, XTAL, NSRT, SPSW 
Vik — Input clamp voltage DRVR, DAV l}=-12mA -15 


TTL output (RCVR, RCLK, REDY, and WFLT) 


| TEST 
jie Sadia | CONDITIONS 
VoOH _ High-level output voltage | IOH = — 0.1 mA 


VOL Low-level output voitage lol =1mA 
IOZH Off-state output current with high-level voltage applied . Vo=2.7V 


lozL Off-state output current with low-level voltage applied | Vo =0.4V 
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fecnunae oo over recommended range of supply voltage (unless otherwise noted) 
continue 


receiver input (RCVINA and RCVINB) 


PARAMETER TEST CONDITIONS | MIN MAX] UNIT 


one Vic=Vsp, R4=2.49kQ, Rist = 330 Q, 
Rising input threshold voltage, VT, See Notes 4, 5, and 6 35 mV 
AS eons Vic=Vsp, R4=2.49kQ,  Rtst = 330 Q, 
Falling input threshold voltage, VT_ Sea Nowe 4G sande — 35t mV 
Vic=Vsp, R4=2.49kQ, Rist = 330 Q, 

Asymmetry threshold voltage, (VT, + VT_) See Notes 4, 5, and 6 = at 20} mv 
Rising input common-mode rejection Rtst = 330 Q, R4 = 2.49 kQ, _ aot 30 Vy 
[VT (@Vsp + 0.5V)-Vt, (@Vgp-0.5V)] See Notes 4, 5, and 6 ml 
Falling input common-mode rejection Rtst = 330, R4 = 2.49 kQ, _ aot 30 V 
[VT, (@Vsp + 0.5 V)-VTs4 (@Vsp -0.5 V) ] See Notes 4, 5, and 6 i 

Rtst = 330 Q, Both inputs at Vsp £95 
See Note 4 
eee Rtst = 330 Q, Input under test at Vsp + 1.0 V, 
Receiver input current Other input at Vsp —1 V, See Note 4 300 700] wpA 
Rtst = 330 Q, Input under test at Vsp — 1.0 V, 300 -700 
Other input at Vsp + 1.V, See Note 4 


Equalizer bias current (EQUALA and EQUALB) ie open SORE ad 1.125 1.875 


Tt The algebraic convention, where the more negative (less positive) limit is designated as a minimum, is used in this data sheet for threshold 
voltages only. 
NOTES: 4. Vspistheself-bias voltage oftheinputpair RCVINA and RCVINB. Itis definedas Vsp=(VSBA+VSpBB)/2 (where Vspa istheself-bias 
voltage of RCVINA; Vspp is the self-bias voltage of RCVINB). The self-bias voltage of both pins will be approximately Voc /2. 
5. Rtst is a resistor connected between pins 43 and 44; it replaces R1, R2, and C1 (see Figure 5). 
6. Vic is the common-mode voltage applied to RCVINA and RCVINB. 































transmitter 


[—~S~*~*~*ARAMETER——~=~=~S~*~*~*~tSCS*‘“~*SEST CONDITIONS «MIN MAK ONT 
i : 700 

















1H High-level input current DRVR, DRVR | Input under test at 2.7 V, Other input at 0.4 V 
Nh Low-level input current DRVR, DRVR Input under test at 0.4 V, Other input at2.7 VV | -100 -—700 


NOTE 7: Output not under test is loaded with 75 Q to Vcc. 
phantom driver (PHOUTA and PHOUTB) 





(elsliea lls Vv 
VOH _ High-level output voltage OH it oe 
ioH==2 mA 


[ozi Of-state output current wth Figh evel votage applied | Vo=Vcc, ENABLE= vir | = 100[ uA 


lozL Off-state output current with low-level voltage applied 
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Contin eo over recommended range of supply voltage (unless otherwise nome) 
continue 


wire fault (WFLT) (see Notes 8 and 9) 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT 
Phantom-normal condition 2.9kQ<Ri4<5.5kQ, 2.9kQA<Rio<5.5kQ | 24 | vi | 


- Rui > 9.9 kQ and 2.9 kQ > Rio < 5.5 kQ or 
Phantom-open condition Rio > 9.9 kQ and 2.9 kQ< Ri 1 <5.5kQ - 0.45 V 
es | Ru 4 <0.1 kQ and 2.9 kQ < Ry) 9 <5.5 kQ or y 
RL2 < 0.1 kQ and 2.9 kQ< RLy<5.5 kQ 
NOTES: 8. The wire-fault logic recognizes a load condition corresponding to greater than 9.9 kQ to ground as an open-circuit fault, but it does 
not recognize a load condition less than 5.5 kQ to ground as an open. The wire-fault logic recognizes a load condition corresponding 


to less than 100 Q to ground as a short-circuit fault, but it does not recognize a load condition corresponding to greater than 2.9 kQ 
to ground as a short. Figure 6 illustrates this with Ri_4 connected from PHOUTA to ground and R,_9 connected from PHOUTB to 


ground. 
9. Riz is connected from PHOUTA to ground; R,_ 9 is connected from PHOUTB to ground. 



















WFLT 
Indeterminate 


WFLT 


Rie (kQ) 





Figure 6. WFLT 


supply current 
PARAMETER 


TEST CONDITIONS MIN TYP MAX] UNIT 


Voc =5.25V, See Figure 7 180 200 














Icc Supply current 
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75 Q 4.1 kQ 
960 Q 
2.24V ov 
oe ae 
NC 
0.7V 
3V 
274Q 2.5V 
2V ‘oF 
16MHz = 7 V 
me 845 Q 
0.7V 274.0 FILTER 
Vec 
| 330Q 180 pF 





ac 6800 pF 


Figure 7. loc Test Circuit 
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V % 
Test | fe Test 
Points 75.Q 75 Q , Points 
_ ae nani _ 
DROUTB PHOUTB PHOUTB 
2.24V | 2.49 kQ 
965 Q 965 Q 965 Q VCOGAN [asia * 
im ae ae ei _— 
REDY 
WELT RCVINA RCVINA 
RCVINB RCVINB 
FRAQ : 
XTAL _ EQUALA 
| 330 Q 
NSRT EQUALB 
mee WDTCAP Vcc 
Peon 6800 pF 
Soper NRGCAP 
| 2742 | 
DRVR 
FILTER FILTER 





Figure 8. AC Test Circuit 
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timing requirements over recommended range of supply voltage (unless otherwise noted) 


transmitter (see Figures 8 and 9) 


NOP TEST CONDITIONS | MIN, TYP MAX 


Delay time, DRVR edge (1.5 V) to following DRVR 
tsk(DRVR) edge (1.5 V) See Note 10 
Delay time, DRVR falling edge (1.5 V) to DROUTA | 
'd(DROUTA)H rising edge (midpoint) See Note 10 
3 |t Delay time, DRVR rising edge (1.5 V) to DROUTA 
d(DROUTA)L falling edge (midpoint) 













See Note 10 
Delay time, DRVR falling edge (1.5V) to DROUTB 

td(DROUTB)L falling edge (midpoint) See Note 10 
Delay time, DRVR rising edge (1.5 V) to DROUTB 

td(DROUTB)H rising edge (midpoint) See Note 10 


DROUTA/DROUTB td(DROUTA)H — td(DROUTB)L 'sk(DRVR) = — 19s | 
skew td(DROUTA)L — td(DROUTB)H tsk(DRVR) = 1s 
7 DROUTA/DROUTB |tyoRoutaye + t(OROUTB)H ‘d(OROUTA)H * ‘g(DROUTB)L 'sk(DRVR) = —1 ns 
asymmetry ‘| APROUTAL TMDROUTENY ADROUTAN MEPOUTE ORV) = 


NOTE 10:This parameter is not tested to a minimum or a maximum but is measured and used as a component required for parameters 6 and 7. 
2V- 
| | 0.7V 
2V 
_DRVR | ) 1.5V 
| | 0.7V 










| 
| 
>| e 1 | 
! | >! - 1 
100% 
DROUTA | l 50% 
| | | 0% 
| 2 l<—_>_ 3 
| 100% 
DROUTB | | 50% 
| | | 0% 
| | | 
qi 4 
k¢——>- 5 


Figure 9. Skew and Asymmetry From DRVR and DRVR to DROUTA and DROUTB 
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(eon re oe over recommended range of supply voltage (unless otherwise noted) 
continue 


RCLK and RCVR (see Figures 8 and 10) 








ENO TEST CONDITIONS MIN, TYP MAX 
4 Mbps, =115ns, See Note 11 Se 
tw(RCLK)L Pulse duration, RCLK low PS,_te(RCLK 
“TeMbps, te(RCLK)=30ns, SeeNoteit | 10. 
4 Mbps, =115ns, SeeNotet1 | 35  — | 
= tw(RCLK)H Pulse duration, RCLK high vr = rE asc anne oes ited os 
_te(RCLK) = 30 ns, paar 
Setup time, RCVR valid to 
' Hold time, "RCVR valid after = 31.25ns 
h(ROVR) RCLK rising edge (1.5-V point) 'c(RCLK) = 
; Cycle time, RCLK 4 Mbps : eRe 
C(RCM) _ (see Note 12) 16 Mbps | 


NOTES: 11. The pulse duration high and low of RCLK is tested at a frequency in excess of nominal to ensure correct peaaion during brief periods 


where lock is lost. 
12. This parameter is not tested. The typical value shown is that for the recovered clock from an IEEE 802.5 token ring. 























SSS. SSS Se 
| i¢— 9 —»i | 
k¢—_ 8 —> | | 


l l : | 2.4V 
| 0.45 V 


2.4V 


VY 


KW 
OY A 


L\L\N4\ 


— 0.45 V 





Figure 10. RCLK and RCVR Timing 
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timing requirements over recommended range of supply voltage (unless otherwise noted) 


loop parameters (see Figures 8, 11, and 12) 


a Ex TEST CONDITIONS [MIN MAX] UNIT 
Filter voltage, low f = 30.8 MHz, See Note 13 ae mse 
V 


Filter voltage, high f = 33.3 MHz, See Note 13 aa i 
VCO gain (Go) f1 = 28.6 MHz, f2 = 36.4 MHz, See Note 14 12.75 17.25 | MHz/V 


2 
3 
Phase-detector gain (Gq) VFILTER)1 = +50 HA, I(FILTER)o = — 50 pA, f= 32 MHz, See Note 15 5.40 7.20 


NOTES: 13. The frequency fis applied to XTAL with FRAQ high as shown in Figure 11. The voltage at FILTER is measured after lock is achieved. 

14. A frequency of f1 is applied to the XTAL with FRAQ high. After lock is achieved, the voltage at FILTER is measured (V1). This is 
repeated using f2 and measuring V2. VCO gain is calculated as (f2—-f1)/(V2-—V1). The result is in Hz / V (see external filter section). 

15. The circuit of Figure 8 is used to measure phase-detector gain with l(F|LTER) injected at the filter test point. Figure 12 shows the 
relevant timing. With the TMS38054 in phase lock, the propagation delay (tp) between RCVINA positive transition and RCLK 
negative transition is measured. A value tp; is seen when I(FiLTER) = |(FILTER)1, and a value of tp is seen when 
l(FILTER)=|(FILTER)2- Thephase-detectorgainisthencalculatedas(I(F|LTER)2 — |(FILTER)1) ~ (tp1 — tp2). TheresultisinyA /ns(see 
external filter section). 














\¢—— 1/f ——_> 


| | ——— 24V 
war NF 
0.45 V 


Figure 11. VCO-Gain and Filter-Voltage Test Timing 





RCVINB 2.5V 
3V 
| 2vV 
lt- th > 
| VOH 
RCLK1.5V ——— 


| | 
k¢— te(RCLK) —> 


Figure 12. Phase-Detector-Gain Test Timing 
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timing requirements over recommended range of supply voltage (unless otherwise noted) 


data recovery (see Figures 8 and 13 and Note 16) 


LS 102 LL 
13 It Static timing error from voltage midpoint of RCVINA 4 Mbps, f = 8 MHz 
se edge to midpoint to RCVINA pulse 





16 Mbps, f = 32 MHz | 8,62 
NOTE 16: The TMS38054 is phase locked to a RCVINA waveform as shown in Figure 13 with RCVINB biased to 2.5 V. RCVR is monitored for 
proper data being latched. For one pulse, shorten the time at which RCVINA’s negative transition occurs. Check RCVR if the short pulse 
was latched. Restabilize the VCO with normal pulses. Input another short pulse. Continue this routine, while gradually shortening the 
_ pulse, until the data is not latched. The time between this negative transition and the midpoint of the original pulse’s uptime is tse. Repeat 
this procedure using all of the RCVINA waveforms shown. 


<—_—_____——_ 1/f —_________p» 


| 
_ 1/(2t) ——> : 
RCVINA2.5V ——— — 
2V - Midpoint | 
i¢—pl- 13 
a 
RCVINA 2.5 V ff \ Sf 
2V | | . 
l¢—pi— 13 13 
_ 8V ——— | l 
RCVINA2.5V —— _l/A- 
2V. 
<p 13 
= | one | | 
RCVINA 2.5V —— —__\-» | 
QV 
VOH 


RCVR 15 V 
VOL 





Figure 13. TMS38054 Phase Locked to RCVINA 
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conte re eee over recommended range of supply voltage (unless otherwise noted) 
continue 


energy detect (REDY) (see Figure 8 and Note 17) | 


ee TEST CONDITIONS | MIN MAX | UNIT 


Delay time, FRAQ transition to REDY Data transition density = 100%, See Figure 14 
14 | ta(REDYHL) one F US 
ow again Data transition density = 33%, See Figure 14 


6 
eee |, Data transition density changes 100% to 2.5%, 
td(REDYH) Delay time, data loss to REDY high See Figure 15 y g : 0 100 


NOTE 17: The transition density of the incoming data is the percentage of transitions of the incoming data as compared to the maximum possible 
number of transitions. For a string of Manchester-encoded 0 data, 100% transition density is a 16-MHz signal at a 16-Mbps data 
transmission rate. 












2 








3V 
\/ xx XXXXXXKKY. Data a Specified Transition Density { \/ XXXXK KK KKK KKK 
ROVINA SKXKKXXKXKK Kn nA AAAAAAADAAAAAAAAARXEKXEXKERXERY 9 
RCVINB 2.5V 
| 2V 
FRAQ X 
| 0.7V 
| 2.4V 
REDY | 
0.45 V 
|. ——— A$ Maa 14 ———________—_ 
Figure 14. Timing Waveforms for Energy-Detect, FRAQ to REDY Timing 
3V 


RCVINA INI 100% Transition Density NTL | 2.5% Transition Density eae 
2V 
| 


| 
PC VIN 2.5 V 


FRAQ 





0.7V 
| 2.4V 
REDY | / 
| 0.45V 
kq—_———_____—_—_—_——. 15 —______» 


Figure 15. Timing Waveforms for Energy-Detect to Energy-Loss Timing 








wy TEXAS 
INSTRUMENTS 


_ POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 4-299 


TMS38054 
RING INTERFACE DEVICE 


SPWS008B — APRIL 1991 - REVISED MAY 1994 


aaa requirements over recommended range of supply voltage (unless otherwise noted) 
continued) 


watchdog timer (see Figures 16 and Notes 9, 18, 19, 20) 


7 ees TEST CONDITIONS | MIN, MAX | UNIT 
td(WDT)H _ Delay time, watchdog-timer expiration Cwat = 1.5 pF, Rui = Rie = 2.9 kQ 50 Pome | 


NOTES: 9. R 4 is connected from PHOUTA to ground; R,_ 9 is connected from PHOUTB to ground. 

18. To enable the phantom-driver signals, NRST must be toggled high with a maximum 20-ms period (50-Hz repetition rate). 
Phantom-driver signals are assured to be disabled if NRST does not toggle for 50 ms. The ’380C2x software assures a maximum 
20-ms period toggling rate for the insertion condition. ; 

19. Pulse duration high of NSRT is not critical, but it is recommended that it be at least 125 ns. 

20. Cwat is the capacitor connected from WDTCAP to GND. . 
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Figure 16. Watchdog-Timer Expiration Waveforms 
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@ Free-Running CLKA and CLKB Can Be @ Empty Flag (EF) and Almost-Empty 
Asynchronous or Coincident Flag (AE) Synchronized by CLKB 
® 64 x 36 Clocked FIFO Buffering Data From @ Passive Parity Checking on Each Port 
Port A to Port B ® Parity Generation Can Be Selected for Each 
® Mailbox Bypass Register In Each Direction Port 


® Programmable Almost-Full and 
Almost-Empty Flags 


Low-Power Advanced BiCMOS Technology 
Supports Clock Frequencies up to 67 MHz 
®@ Microprocessor Interface Control Logic Fast Access Times of 10 ns 

@ Full Flag (FF) and Almost-Full Flag (AF) Available in Space-Saving 120-Pin Thin 


Synchronized by CLKA Quad Flat Package (PCB) or 132-Pin Plastic 
Quad Flat Package (PQ) 


description 


The SN74ABT3611 is a high-speed, low-power BiCMOS clocked FIFO memory. It supports clock frequencies 
up to 67 MHz and has read access times as fast as 10 ns. A 64 x 36 dual-port SRAM FIFO buffers data from 
port A to port B. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost 
full and almost empty) to indicate when a selected number of words are stored in memory. Communication 
between each port can take place through two 36-bit mailbox registers. Each mailbox register has a flag to signal 
when new mail has been stored. Parity is checked passively on each port and can be ignored if not desired. 
Parity generation can be selected for data read from each port. Two or more devices can be used in parallel 
to create wider data paths. 


The SN74ABT3611 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 


The full flag (FF) and almost-full flag (AF) of the FIFO are two-stage synchronized to the port clock that writes 
data to its array (CLKA). The empty flag (EF) and almost-empty (AE) flag of the FIFO are two-stage 
synchronized to the port clock that reads data from array (CLKB). 


The SN74ABT3611 is characterized for operation from 0°C to 70°C. 
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Products conform to specifications per the terms of Texas Instruments i 
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NC — No internal connection 
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NC — No internal connection 
T Uses Yamaichi socket 1C51-1324-828 
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functional block diagram 
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Terminal Functions 


ee DESCRIPTION 


Port-A data. The 36-bit bidirectional data port for side A. 


Almost-empty flag. Programmable almost-empty flag synchronized to CLKB. AE is low when the number of words in 
the FIFO is less than or equal to the value in the offset register, X. 












TERMINAL 
NAME 


A0-A35 





Almost-full flag. Programmable almost-full flag synchronized to CLKA. AF is low when the number of empty locations 
in the FIFO is less than or equal to the value in the offset register, X. 


Port-B data. The 36-bit bidirectional data port for side B. 


Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. FF and AF are synchronized to the low-to-high transition of CLKA. 












BO-B35 








Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynenronous 
or coincident to CLKA. EF and AE are synchronized to the low-to-high transition of CLKB. 









Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
AO-A35 outputs are in the high-impedance state when CSA is high. 








Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
BO-B35 outputs are in the high-impedance state when CSB is high. 


QO 
— 
A 
138] 






Empty flag. EF is synchronized to the low-to-high transition of CLKB. When EF is low, the FIFO is empty and reads from 
its memory are disabled. Data can be read from the FIFO to its output register when EF is high. EF is forced low when 


= ae 
the device is reset and is set high by the second low-to-high transition of CLKB after data is loaded into empty FIFO 


on memory. 


} ENA [| | | Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


| ENB [| | | Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


pw fo Full flag. FF is synchronized to the low-to-high transition of CLKA. When FF is low, the FIFO is full and writes to its 


memory are disabled. FF is forced low when the device is reset and is set high by the second low-to-high transition of 
| si, 80 | FSO 












CLKA after reset. 
ee eee selects. The low-to-high transition of RST latches the values of FSO and FS1, which loads one of four preset 











ae le into the almost-full and almost-empty offset register (X). 
es Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. 
Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 























MBB BO-—B35 outputs are active, a high level on MBB selects data from the mail1 register for output and a low level selects 
the FIFO output register data for output. 
Mail’ register flag. MBF 1 is set low by the low-to-high transition of CLKA that writes data to the mail1 register. Writes 
MBF1 to the mail1 register are inhibited while MBF 1 is low. MBF1 is set high by a low-to-high transition of CLKB when a port-B 


read is selected and MBB is high. MBF 1 is set high when the device is reset. 








Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
read is selected and MBA is high. MBF2 is set high when the device is reset. 
















Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high, and even parity is checked when 
ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation is enabled 
for a read operation. 








el 


PEFA 






Port-A parity error flag. When any byte applied to terminals AO-—A35 fails parity, PEFA is low. Bytes are organized as 
A0-A8, A9—A17, A18—A26, and A27 —A35, with the most significant bit of each byte serving as the parity bit. The type 
of parity checked is determined by the state of the ODD/EVEN input. 





The parity trees used to check the AO—A35 inputs are shared by the mail2 register to generate parity if parity generation | 
is selected by PGA. Therefore, if a mail2 read with parity generation is setup by having CSA low, ENA high, W/RA low, 
MBA high, and PGA high, the PEFA flag is forced high regardless of the state of the AO —A35 inputs. 
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Terminal Functions one 


TERMINAL 
NAME vo DESCRIPTION 


Port-B parity error flag. When any byte applied to terminals BO—B35 fails parity, PEFB is low. Bytes are organized as 
BO-—B8, B9—B17, B18-B26, and B27 — B35, with the most significant bit of each byte serving as the parity bit. The type 
of parity checked is determined by the state of the ODD/EVEN input. 













The parity trees used to check the BO—B35 inputs are shared by the mail! register to generate parity if parity generation 
is selected by PGB. Therefore, if a mail1 read with parity generation i is setup by having CSB low, ENB high, W/RB low, 
MBB high, and PGB high, the PEFB flag is forced high regardless of the state of the BO—B35 inputs. 


Port-A parity generation. Parity is generated for mail2 register reads from port A when PGA is high. The type of parity 
generated is selected by the state of the ODD/EVEN input. Bytes are organized as AO—A8, A9—A17, A18~-A26, and 
A27-A35. The generated parity bits are output in the most significant bit of each byte. 

























Port-B parity generation. Parity is generated for data reads from port B when PGB is high. The type of art) generated 
is selected by the state of the ODD/EVEN input. Bytes are organized as BO-B8, B9—B17, B18—B26, and B27-B35. 
The generated parity bits are output in the most significant bit of each byte. 
















Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. This sets the AF, MBF1, and MBF2 flags high and the EF, AE, and FF flags low. The low-to-high 
transition of RST latches the status of the FS1 and FSO inputs to select almost-full and almost-empty flag offset. 




















Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a | 
low-to-high transition of CLKA. The AO—A35 outputs are in the high-impedance state when W/RA is high. 


Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port B for a 
low-to-high transition of CLKB. The BO- ‘B35 outputs are in the high-impedance state when W/RB is high. 





me 


detailed description 






reset 


The SN74ABT3611 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. The reset input can switch asynchronously to the clocks. A device 
reset initializes the internal read and write pointers of the FIFO and forces the full flag (FF) low, the empty flag 
(EF) low, the almost-empty flag (AE) low, and the almost-full flag (AF) high. A reset also forces the mailbox flags 
(MBF1, MBF2) high. After a reset, FF is set high after two low-to-high transitions of CLKA. The device must be 
reset after power up before data is written to its memory. 





A low-to-high transition on the RST input loads the almost-full and almost-empty offset register (X) with the value 
selected by the flag-select (FSO, FS1) inputs. The values that can be loaded into the register are shown in 
Table 1. : 


Table 1. Flag Programming 


ALMOST-FULL AND 
ALMOST-EMPTY FLAG 
OFFSET REGISTER (X) 
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FIFO write/read operation 


The state of the port-A data (AO—A35) outputs is controlled by the port-A chip select (CSA) anc and the port-A 

_ write/read select (W/RA). The AO—A35 outputs are in the high-impedance state when either CSA or W/RA is 
high. The AO—A35 outputs are active when both CSA and W/RA are low. Data is loaded into the FIFO from the 
A0-—A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA is high, ENA is high, MBA is low, 
and FF is high (see Table 2). 


Table 2. Port-A Enable Function Table 


Se a ae ors 2 ee 


In high-impedance state None 
























None 
FIFO write - 
Mail1 write 


In high-impedance state 





In high-impedance state 





In high-impedance state 





Active, mail2 register None 





Active, mail2 register None 





None 
Mail2 read (set MBF2 high) 


Active, mail2 register 





ae Se ee ee Se 
i’ (Fo. “P=. ee Sc. Se Ze ce 
Ireimirewg3wimoere.*x 
Ze, “ake SE i Sa Fe ek 


Active, mail2 register 





The port-B control signals are identical to those of port A. The state of the port-B data (BO—B35) outputs is 
controlled by the port-B chip select (CSB) and the port-B write/read select (W/RB). The BO—B35 outputs are 
in the high-impedance state when either CSB or W/RB is high. The BO—B35 outputs are active when both CSB 
and W/RB are low. Data is read from the FIFO to the BO—B35 outputs by a low-to-high transition of CLKB when 
CSB is low, W/RB is low, ENB is high, MBB is high, and EF is high (see Table 3). 


Table 3. Port-B Enable Function Table 


RB | ENB | MBB | CLKB | B0-B35 OUTPUTS PORT FUNCTION 


In high-impedance state None 
In high-impedance state None 
In high-impedance state None 
In high-impedance state Mail2 write 
Active, FIFO output register None 
Active, FIFO output register FIFO read 
Active, mail1 register None 
Active, mail1 register Mail! read (set MBF1 high) 


ese [wi 
H 
L 
L 
L 
L 
L 
L 
L 


4 oe oe SE. SE 
TreoregwtiTtoerere REX 
IT treoeereitytrex«K KK 





The setup and hold-time constraints to the port clocks for the port chip selects (CSA, CSB) and write/read selects 
(W/RA, W/RB) are only for enabling write and read operations and are not related to high-impedance control 
of the data outputs. If a port enable is low during a clock cycle, the port’s chip select and write/read select can 
change states during the setup and hold-time window of the cycle. 
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| synchronized FIFO flags 


Each FIFO flag is synchronized to its port clock through two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on their outputs when CLKA and CLKB operate asynchronously 
to one another (see the application report Metastability Performance of Clocked FIFOs in the 1994 
High-Performance FIFO Memories Data Book, literature #SCADO03B). FF and AF are synchronized to CLKA. 
EF and AE are synchronized to CLKB. Table 4 shows the relationship of the flags to the FIFO. 


Table 4. FIFO Flag Operation 


SYNCHRONIZED | SYNCHRONIZED 
NUMBER OF WORDS TO CLKB TO CLKA 


0 
1 to X 
(X + 1) to [64 — (X + 1)] 
(64 — X) to 63 
64 













t Xis the value in the almost-empty flag and almost-full flag offset register. 


empty flag (EF) 


The FIFO empty flag is synchronized to the port clock that reads data from its array (CLKB). When the empty 
flag is high, new data can be read to the FIFO output register. When the empty flag is low, the FIFO is empty 
and attempted FIFO reads are ignored. 


The FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an empty flag monitors a write pointer and read pointer comparator that indicates when the FIFO 
SRAM status is empty, empty+1, or empty+2. A word written to the FIFO can be read to the FIFO output register 
ina minimum of three port-B clock (CLKB) cycles; therefore, an empty flag is low if a word in memory is the next 
data to be sent to the FIFO output register and two CLKB cycles have not elapsed since the time the word was 
written. The empty flag of the FIFO is set high by the second low-to-high transition of CLKB, and the new data 
word can be read to the FIFO output register in the following cycle. 


A low-to-high transition on CLKB begins the first synchronization cycle of a write if the clock transition occurs 
at time ts,4 or greater after the write. Otherwise, the subsequent CLKB cycle can be the first synchronization 
cycle (see Figure 4). 


full flag (FF) 


The FIFO full flag is synchronized to the port clock that writes data to its array (CLKA). When the full flag is high, 
an SRAM location is free to receive new data. No memory locations are free when the full flag is low and 
attempted writes to the FIFO are ignored. 


Each time a word is written to the FIFO, its write pointer is incremented. The state machine that controls the full 
flag monitors a write pointer and read pointer comparator that indicates when the FIFO SRAM status is full, 
full—1, or full-2. From the time a word is read from the FIFO, its previous memory location is ready to be written 
in a minimum of three port-A clock cycles. A full flag is low if less than two CLKA cycles have elapsed since the 
next memory write location has been read. The second low-to-high transition on CLKA after the read sets the 
full flag high and data can be written in the following clock cycle. 


A low-to-high transition on CLKA begins the first synchronization cycle of a read if the clock transition occurs 
at time ts,4 or greater after the read. Otherwise, the subsequent clock cycle can be the first synchronization cycle 
(see Figure 5). 
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almost-empty flag (AE) 


The FIFO almost-empty flag is synchronized to the port clock that reads data from its array (CLKB). The state 
machine that controls the almost-empty flag monitors a write pointer and read pointer comparator that indicates: 
when the FIFO SRAM status is almost empty, almost empty+1, or almost empty+2. The almost-empty state is 
defined by the value of the almost-full and almost-empty offset register (X). This register is loaded with one of 
four preset values during a device reset (see resef). The almost-empty flag is low when the FIFO contains X 
or less words in memory and is high when the FIFO contains (X + 1) or more words. 


Two low-to-high transitions on the port-B clock (CLKB) are required after a FIFO write for the almost-empty flag 
to reflect the new level of fill. The almost-empty flag of a FIFO containing (X + 1) or more words remains low 
if two CLKB cycles have not elapsed since the write that filled the memory to the (X + 1) level. The almost-empty 
flag is set high by the second CLKB low-to-high transition after the FIFO write that fills memory to the (X + 1) 
level. A low-to-high transition on CLKB begins the first synchronization cycle if it occurs at time ts, or greater 
after the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (See Figure 6). 


almost-full flag (AF) 


The FIFO almost-full flag is synchronized to the port clock that writes data to its array (CLKA). The state machine 
that controls an almost-full flag monitors a write pointer and read pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full-1, or almost full-2. The almost-full state is defined by the value 
of the almost-full and almost-empty offset register (X). This register is loaded with one of four preset values 
during a device reset (see resef). The almost-full flag is low when the FIFO contains (64 — X) or more words in 
memory and is high when the FIFO contains [64 — (X + 1)] or less words. 


Two low-to-high transitions on the port-A clock (CLKA) are required after a FIFO read for the almost-full flag to 
reflect the new level of fill. The almost-full flag of a FIFO containing [64 — (X + 1)] or less words remains low if 
two CLKA cycles have not elapsed since the read that reduced the number of words in memory to [64 — (X + 1)]. 
The almost-full flag is set high by the second CLKA low-to-high transition after the FIFO read that reduces the 
number of words in memory to [64 — (X + 1)]. A low-to-high transition on CLKA begins the first synchronization 
cycle if it occurs at time ts,o or greater after the read that reduces the number of words in memory to 
[64 — (X + 1)]. Otherwise, the subsequent CLKA cycle can be the first synchronization cycle (See Figure 7). 


mailbox registers 


Two 36-bit bypass registers are on the SN74ABT3611 to pass command and control information between port 
A and port B. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO for a port data 
transfer operation. A low-to-high transition on CLKA writes AO—A35 data to the mail1 register when a port-A 
write is selected by(CSA, W/RA, and ENA) with MBA high. A low-to-high transition on CLKB writes BO—B35 data 
to the mail2 register when a port-B write is selected by (CSB, W/RB, and ENB) with MBB high. Writing data to 
a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored 
while its mail flag is low. 





When the port-B data (BO-—B35) outputs are active, the data on the bus comes from the FIFO output register 
when the port-B mailbox select (MBB) input is low and from the mail1 register wnen MBB is high. Mail2 data 
is always present on the port-A data (AO—A35) outputs when they are active. The mail1 register flag (MBF1) 
is set high by a low-to-high transition on CLKB when a port-B read is selected by (CSB, W/RB, and ENB) with 
MBB high. The mail2 register flag (MBF2) is set high by a low-to-high transition on CLKA when a port-A read 
is selected by (CSA, W/RA, and ENA) with MBA high. The data in a mail register remains intact after it is read 
and changes only when new data is written to the register. 








parity checking 


The port-A (AO—A35) inputs and port-B (BO—B35) inputs each have four parity trees to check the parity of 
incoming (or outgoing) data. A parity failure on one or more bytes of the input bus is reported by a low level on 
the port parity error flag (PEFA, PEFB). Odd or even parity checking can be selected, and the parity error flags 
can be ignored if this feature is not desired. 
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parity checking (continued) 


_ Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 


input. A parity error on one or more bytes of a port is reported by a low level on the corresponding port parity 








~ error flag (PEFA, PEFB) output. Port-A bytes are arranged as AO—A8, A9-A17, A18—A26, and A27—A35, and 


port-B bytes are arranged as BO-—B8, B9-—B17, B18-—B26, and B27—B35. When odd/even parity is selected, 
a port parity error flag (PEFA, PEFB) is low if any byte on the port has an odd/even number of low levels applied 
to its bits. 


The four parity trees used to check the AO-A35 inputs are shared by the mail2 register when parity aeiiaralion 
is selected for port-A reads (PGA = high). When a port-A read from the mail2 register with parity generation is 
selected with CSA low, ENA high, W/RA low, MBA high, and PGA high, the port-A parity error flag (PEFA) is 
held high regardless of the levels applied to the AO—A35 inputs. Likewise, the parity trees used to check the 
BO-B35 inputs are shared by the mail1 register when parity generation is selected for port-B reads (PGB = high). 
When a port-B read from the mail1 register with parity generation is selected with CSB low, ENB high, W/RB 
low, MBB high, and PGB high, the port-B parity error flag (PEFB) is held high regardless of the levels applied 
to the BO—B35 inputs. 








parity generation 


A high level on the port-A parity generate select (PGA) or port-B parity generate select (PGB) enables the 
SN74ABT3611 to generate parity bits for port reads from a FIFO or mailbox register. Port-A bytes are arranged 
as AO—A8, A9—A17, A18—A26, and A27-—A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as BO—B8, B9-B17, B18—B26, and B27-B35, with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all thirty-six inputs 
regardless of the state of the parity generate select (PGA, PGB) inputs. When data is read from a port with parity 
generation selected, the lower eight bits of each byte are used to generate a parity bit according to the level on 
the ODD/EVEN select. The generated parity bits are substituted for the levels originally written to the most 
significant bits of each byte as the word is read to the data outputs. — | 





Parity bits for FIFO data are generated after the data is read from SRAM and before the data is written to the 
output register. Therefore, the port-B parity generate select (PGB) and ODD/EVEN have setup and hold-time 
constraints to the port-B clock (CLKB) for a rising edge of CLKB used to read a new word to the FIFO output 
register. 


The circuit used to generate parity for the mail1 data is shared by the port-B bus (BO—B35) to check parity and 
the circuit used to generate parity for the mail2 data is shared by the port-A bus (AO—A35) to check parity. The 
shared parity trees of a port are used to generate parity bits for the data in a mail register when the port write/read 
select (W/RA, W/RB) input is low, the port mail select (MBA, MBB) input is high, chip select (CSA, CSB) is low, 
enable (ENA, ENB) is high, and port parity generate select (PGA, PGB) is high. Generating parity for 
mail-register data does not change the contents of the register. 
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| | —1 e—trrs) | 
CLKB l | | | 
| leo! t 
= [*- tsu(RS) | | tsu(FS) le h(FS) | 
RST ‘ |_| | / | : 
| , | _ | 
OOOO DDOS 


FS1, FSO <x KKK KOKORO KKK KKK KK KK KKK 0,14 
| tpd(C-FF) tpd(C-FF) > 






































| ¢#——+| toa(C-AF) 
AF ZLLLILL LLL LLL 
tpd(R-F) k ——> 


MBF2 


Figure 1. Device Reset Loading the X Register With the Value of Eight 
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+ tg 
[e tw(CLKH) ne tw(CLKL) + 


ce a Ce J Ce ar Ce a Ce 
| | 
tsu(EN1) le she th(EN1) | ! 


cosa | SSD ! ae 
tsu(EN1) (¢——>}* th(EN1) | 
WIRA SIISILI LLL Lh | CS : | SWANANNSANS 
| | 


| | | 
tsu(EN3 th(EN3 | 
su(EN3) ¢— a (ENS) | — — th(EN2) | 
tsu(EN2) th(EN2) tsu(EN2) | ! teu(EN2) le = [+ then) 
mn SSL NANAAAANAAN VIII IL 


MBA 












Figure 2. FIFO1-Write-Cycle Timing 
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— t¢ —————4 
+ tw(CLKH) le twiCLKL) > 


| 
CLKB 


| | 
tsu(EN2 lI tsu(EN2) eo tsu(EN2) lig 2a 
| at | > l¢— th(EN2) | —* ie tn(eng) | elke th(EN2) 


VLLLLLLLL 









ENB 
pd(M-DV) ———#¢—>| t | O 
s peration tdis 
ten | | le ta + r 
BO-B35 : CK PreviousData X Word =X Word) 
t t 
PGB, tsu(pG) ¥——s!_ IF APS) tupqy _—_)_ F hPS) 
OD OS GED, SSS SSO I, GED SSNS NNN Mn, 






EVEN 


Figure 3. FIFO-Read-Cycle Timing 
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aa te —— 
tw(CLKH) +e —» tw(CLKL) 


| f : 


CSA Low | 
W/RA High | 


le—p | 
‘su(ENS) "31 le theeng) | 


MBA SSS) LILLLLLLLLLLLLLLLL 
Su(EN2) “—3)  j¢— th(EN2) | | 


ah’ a’ a a Gh’! eee TS a a a” a Gh,” Gh i” Gh,” Gh, G,* Gh Gh Gh, A GD” Gh,’ Gh GD GD Gh,’ Gh, Gh, Gh,” Gh, Gh’ Gh,’ Gh GD Gh Gh, Gy Gh’ Gh GG’ GD GD, Gy Gh’ Gy GD Gh, Gh’ a GD Gh”. 





tc 


tw(CLKH)— >and tw(CLKL) 


CLKB 1 2 
tpd(C-EF)@———»)}___ «| tpac-EF) 
EF Empty FIFO _. . f | \, 


CSB Low 4 Al 
_ | 
W/RB Low | | 
| 


|—> |e th(EN2) 


hehe ee ee en Cae eee ee eT ee ee 
tsu(EN2) 
ENB YK KKLKLLLLLLLLLLLLLL22L2L2£24}3 * *SSXSXSSSSSSSYYSYYSY\YYYY9Y9“9S 


. Ie— ta > 
SSS 5 5 5525025 5 85. 52525.% 


tskit 


MBB Low 


BO-—B35 





Oy ££) Ly Oy tN LY on oY oO oN LN ON ON LY ON ON AN AN ON AN AN AN AN LN ON AN AN AN AN AY AA ANA AN AA 


tT tsk71 is the minimum time between a rising CLKA edge and a rising CLKB edge for EF to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than ts,1, the transition of EF high may occur one CLKB cycle later than shown. 


Figure 4. EF-Flag Timing and First Data Read When the FIFO Is Empty 
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— 
tw(CLKH) — a tw(CLKL) 
SO cee OO eee, Oe cou, OOO co, ee eee, 
| 


CSB _Low l 
| 


WRB Low | 
ES ED 
| 
MBB Low | 
tsu(EN2) le —vles! th(EN2) 
ENB (ZZ, SN 
a | 
EFB High Z . 
te 


BO—B35 Previous Word in FIFO Output Register x Next Word From FIFO 


le—~tekit 
| sk1 i te >! 
tw(CLKH) | tw(CLKL) 

2 


CLKA 1 
tpd(c-FF) 1 EY tpd(C-FF) 


FF Full FIFO rr 


CSA Low ! 


| 
tsu(EN3) # —>¢) th(EN3) 


MBA SOOO NENAAY |LKLLLLLLLLLLL, 
tsu(EN2) th(EN2) 
ENA OL, KK KKKISLLLLLLLLLLLLLLLLLLLLZ2LLLL Ld nna 


| 
tsu(D) le—ples! th(D) 


FP MP SF SP WS we we fw we we fr Or Or rr Oe er rr fl er er PO 


AO-A85 KKK KKKMKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKS 


WIRA High 













PF WP WP OP OP OS PP er OS Or SP WS 





To FIFO 


T ts,.1 is the minimum time between a rising CLKB edge and arising CLKA edge for FF to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less tsk, FF may transition high one CLKA cycle later than shown. 


Figure 5. FF-Flag Timing and First Available Write When the FIFO Is Full 
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CLKA 


AR A a EE ee NS IR A a EI rN BEI ess EP Fi, stn ES Se NT A EO nea Py SEI is Se es ES Eee ee) 
_ toytenay easl SO AMENS) 
ENA , ) 3 


| 
—tgkot 
ous NNN 
tpd(C-AE) +» tpd(C-AE) #& 


. AE __X Words in FIFO (X + 1) Words in FIFO a 
t | lt th(EN2) 


| - su(EN2) 


T ts,9 is the minimum time between a rising CLKA edge anda rising CLKB edge for AE to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than tsxo, AE may transition high one CLKB cycle later than shown. 
NOTE A: FIFO write (CSA =L, W/RA = H, MBA = L), FIFO read (CSB = L, W/RB = L, MBB = L). 


Figure 6. Timing for AE When the FIFO Is Almost Empty 


le tskot + 
CLKA ! , . 
tsu(EN2) ) le- th(EN2) | | 
ENA | | 
ps8 | | tpd(C-AF) #9 
[64 —(X + 1)] Words in FIFO \ (64- X) Words in FIFO | 


er ee eT Nee Ne ee 
tsu(EN2) — _ th(EN2) 
ENB 


+ tsk2 is the minimum time between a rising CLKA edge and a rising CLKB edge for AF to transition high in the next CLKA cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than tsx9, AF - may transition high one CLKB cycle later than shown. 
NOTE A: FIFO write (CSA =L, W/RA =H, MBA =L), FIFO read (CSB = L, W/RB = L, MBB = L). 


Figure 7. Timing for AF When the FIFO Is Almost Full 
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aa a ae ee ee Me a ae ET eT ee RE 


tsu(EN1) 4 = th(EN1) 





BO-B35 . . ESS SSK W1 (remains valid in mail1 register after read) 


FIFO Output Register 


NOTE A: Port-B parity generation off (PGB = L) 


Figure 8. Timing for Mail1 Register and MBF1 Flag 
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i 


teu(ens) fe —F fe— thieNt) 
i 


MM —! ——————a 
MBB ITH —— 





CORK KKK KKK KKK KK KKK KKK KKK KKK KKK KK KK KKK IK 
t —» 


| pd(C-MF) + (¢— tpd(C-MF) | 
MBF2 ans ae ae 
| 





A0-A35_ 
NOTE A: Port-A parity generation off (PGA = L) 


Figure 9. Timing for Mail2 Register and MBF2 Flag 
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tod(O-PE) #9 tod(O-PE) > tpd(E-PE) #4 _—tpd(E-PE) # —— 
PEFA Valid Valid Valid Valid 


NOTE A: CSA =L and ENA =H 


Figure 10. ODD/EVEN, W/RA, MBA, and PGA to PEFA Timing 


Ne ee UC 
| | 
WIRB ° | | K ____/A, 
| | | . | 
MBB CYL LLLALLLLLLLLLLLLLLLLLLLLLLLLL LL LL ROO OYA 
| | | 


| 
PGB SYLYYYL LIL LLLLLLLLLLLLL£LL£L£24 2422422424224 2405 RXQXOO)R)DN 
tpd(O-PE) | tod(O-PE) #——| tpd(E-PE) > _tpa(E-PE) # > 
PEFB Valid X____vaid XC vaa~=é“‘é#y(‘#SP (lid Sf . Valid 


NOTE A: CSB =L and ENB =H 


Figure 11. ODD/EVEN, W/RB, MBB, and PGB to PEFB Timing 
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EVEN 
| ‘ 
CSA Low | . 
7 | 


WwiRA ~ \ : 


.\,/////////7 —————————— 
| | | 
eae ) tpd(E-PB) — — tpaio-PB) = — tpd(E-PB) —| 


A26, A35 Mail2 Data Generated Parit Generated Parit Mail2 Data 
NOTE A: ENA=H 


Figure 12. Parity-Generation Timing When Reading From the Mail2 Register 







PGB | 
(*— tpd(E-PB) — | l | 
serpy ten }¢—— I¢ tod(M-DV) >| | [¢— tpa(O-PB) — \¢— tpd(E-PB) ——>, 
B26, B35 OOK Generated Parity 
Mail‘ 
Data 


NOTE A: ENB=H 


Figure 13. Parity-Generation Timing When Reading From the Mail1 Register 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply Vollage Tange, Vacs asciotea thw hteiecutiweese reer asietes healousedeaaiaenue a -0.5Vto7V 
Input voltage range, V| (See NOIG 1) occ seseecoseeveteewe dedeadetwiwet ede ee: -0.5 V to Voc + 0.5 V 
Output voltage range, Vo (See Note 1) ... 22... eee ecb eee eda ne be ewe cess —0.5 V to Veo + 0.5 V 
Input clamp current, liq (Vj) <OOrVy>Vocg) 0... cece cece e ene eee eee e eee e ee eennes +20 mA 
Output clamp current, IoxK (Vo <OOrVQo>Vec) ..-- eee ee eee ee eee eens +50 mA 
Continuous output current, lo (Vo =O tO Voc) ..... eee eee eee nents +50 mA 
Continuous Current through Voc or GND .... 2... cece eee tee teen e eee ne eeeee ... +500 mA 
Operating free-air temperature range, Ta... ccc cece cee eee een ence teenie nees O°C to 70°C 
Storage Temperature (ange: bi.4 ctacau wre esedek teieu ss iwi y esos aleeeidaieiave tay —65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 


recommended operating conditions 


Supply voltage 


High-level input voltage | 


Low-level input voltage 
IOH High-level output current 
lOL Low-level output current 





TA Operating free-air temperature 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


i Wwencses — ievecars 
[1oz____[vec=55¥,Vo-Vocro SSS] 
[Oupuistign [SoS 
Icc | Voc = 5.5 V, lo =O mA, Vi = Vcc or GND mA 
[Outputs deabied | ____—60. 
[6 dose OSOS—SSSCSC“Cs‘iSSC 


¥ All typical values are at Voc = 5 V, Ta = 25°C. : 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 13) 


‘ABT3611-15 ‘ABT3611-20 ‘ABT3611-30 
ee ba 


tg = Clock cycletime, CLKAorCLKB tg = Clock cycletime, CLKAorCLKB time, CLKA or CLKB 


tsu(D Setup time, AO—A35 before CLKAT and BO-B35 before CLKB? rele a Se OA ee 


Setup time, CSA, W/RA before CLKAT; CSB, W/RB, pee foe for | mw 


'su(EN1) before CLKBT 


Teu(ENa) Setuptime, ENA before GLKAT ENBbeforecKeT |S # | | 
[tsu(EN3) Setuptime, MBAbeforeCLKAT; ENBbeforecLKBT = | 4 | ns 
[tspG) _Setuptime, ODD/EVEN and PGBbeforeCLKBTT | 4 | ts 
[tsRs)__Setuptime, RST lowbeforeCLKAT orCLKBTF | Ts 
Ca meee Ba 
Soe 
'th(EN3) Hold time, MBA after CLKAT; MBB after CLKBT 
fina) __Hotdtime, ODDIEVENandPGBatercKBTT | 
thr) __Holdtime, RSTlowafterCLKAT or CLKBT# = | 
Le! 


























N 






~J 

















th(FS) Hold time, FSO and FS1 after RST high 


pak Skew time between CLKAT and CLKBT for E EFA, EFB, 
ski FFA, and FFB 


' § Skew time between CLKAT and CLKBT for AEA, AEB, 
sk2 AFA, and AFB 










i Only applies for a rising edge of CLKB that does a FIFO read 

+ Requirement to count the clock edge as one of at least four needed to reset a FIFO 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 30 pF (see Figures 1 through 13) 


ED a 
| MIN MAX] MIN MAX| MIN MAX: 

tock Clock frequency, CLKA or CLKB | 687] 0] 88.4 | MHz 
la. Aoowe tne, CLKBT 80-65 id eo ee 
tod(C-FF) Propagation delay time, CLKAT to FF | 2) tof 2225] ons 
tod(C-EF) Propagation delay time, CLKBT to EF | 2 of 22] 25] ons 
AE) _ Pepegaton dele ine, CUGT= AE 2 0] 2 | | 
eo AF) ~ Popgaton delay ire CUAT@AF | eo ee 


' Propagation delay time, CLKAT to MBF1 low or MBF2 high and 
Pd(C-MF) — CLKBT to MBF2 low or MBF1 high 


Propagation delay time, CLKAT to BO—-B35T and CLKBT to 
‘od(C-MR)  ag—aast 


tod(M-DV) Propagation delay time, MBB to BO—B35 valid 
Propagation delay time, AO—A35 valid to PEFA valid; BO—-B35 


'pd(D-PE) atid to PEFB valid 


tod(O-PE Propagation delay time, ODD/EVEN to PEFA and PEFB 


' § Propagation delay time, ODD/EVEN to pa bits (A8, A17, A26, 
pd(O-PB)" 435) and (B8, B17, B26, B35) 


t Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
pa(E-PE)  BEFA; CSB, ENB, W/RB, MBB, or PGB to PEFB 


Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
tod(E-PB)S _ parity bits (A8, A17, A26, A35); CSB, ENB, W/RB, MBB, or PGB 
to parity bits (B8, B17, B26, B35) 


Propagation delay time, RST to AE low and (AF, MBF1, MBF2) 
tpdiR-F) high 


Disable time, CSA or WIRA high to AO—A35 at high impedance 
and CSB high or W/RB low to BO-—B35 at high impedance 


T Writing data to the mail1 register when the BO-—B35 outputs are active and MBB is high. 
+ Writing data to the mail2 register when the AO—A35 outputs are active and MBA is high. 
§ Only applies when reading data from a mail register 
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TYPICAL CHARACTERISTICS — 
SUPPLY CURRENT 


vs 
CLOCK FREQUENCY 


fdata = 1/2 felock 
°C 


250 


loon ~ Supply Current —-mA 
NO 
S 
co) 





0 
0 10 20 30 40 50 60 70 80 


folock — Clock Frequency — MHz 


Figure 14 


calculating power dissipation 


The loc if data for the graph was taken while simultaneously reading and writing the FIFO on the SN74ACT3611 
with CLKA and CLKB operating at frequency foioc,- All data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated with the equation below. 


With loc) taken from Figure 14, the maximum power dissipation (Py) of the SN74ABT3611 can be calculated 


by: 

Pt = Voc x loc) + Z(CL x (VoH — VoL)? x fo) 
where: 

Ci = output capacitive load 

fo = switching frequency of an output 

VoH = high-level output voltage 

VoL = low-level output voltage 


When no reads or writes are occurring on the SN74ABT3611, the power dissipated by a single clock (CLKA or 
CLKB) input running at frequency foiggk is calculated by: 
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PARAMETER MEASUREMENT INFORMATION 


5V 
1.1 kQ 
From Output 
Under Test 
(see Note A) 
LOAD CIRCUIT 
3V SS. <a ¥ 
Timin : 
het 1.5V rao 1.5V 1.5V 
pu Input 
+ — — ~~ GND | | GND 
tsu shggh ‘ oo tw 2 
Enable 1.5 V 1.5V Low-Level 1.5V 1.5V 
Input GND input Fig 1 aed GND 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
— 3V 
Output 
a a 1.5V 1.5V 
| | | : GND 
i tz PAL 
Low-Level | | ry _ ene ee 3V 
Output | } Vo Input : 1.5V 1.5V 
L | GND 
—>| le tpzy 
| | | VoH tod ¢—>} K+ tog 
High-Level eer 
Output | | 1.5V In-Phase OH 
ie meee. ee ON Output 1.5V 1.5V 
—P> | tpHz VOL 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES . PROPAGATION DELAY TIMES 


NOTE A: Includes probe and jig capacitance 
Figure 15. Load Circuit and Voltage Waveforms 
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@ Free-Running CLKA and CLKB Can Be e EFB, FFB, AEB, and AFB Flags 
Asynchronous or Coincident Synchronized by CLKB 

® Two Independent 64 x 36 Clocked FIFOs @ Passive Parity Checking on Each Port 
Buffering Data in Opposite Directions © Parity Generation Can Be Selected for Each 

® Mailbox Bypass Register for Each FIFO Port 


Low-Power Advanced BiCMOS Technology 


Supports Clock Frequencies up to 67 MHz 
®@ Microprocessor Interface Control Logic Fast Access Times of 10 ns 


e EFA, FFA, AEA, and AFA Flags Available in Space-Saving 120-Pin Thin 


Synchronized by CLKA Quad Flat Package (PCB) or 132-Pin Plastic 
Quad Flat Package (PQ) 


@ Programmable Almost-Full and 
Almost-Empty Flags 


description 


The SN74ABT3612 is a high-speed, low-power BiCMOS bidirectional clocked FIFO memory. It supports clock 
frequencies up to 67 MHz and has read access times as fast as 10 ns. Two independent 64 x 36 dual-port SRAM 
FIFOs on board the chip buffer data in. opposite directions. Each FIFO has flags to indicate empty and full 
conditions and two programmable flags (almost-full and almost-empty) to indicate when a selected number of 
words is stored in memory. Communication between each port can bypass the FIFOs via two 36-bit mailbox 
registers. Each mailbox register has a flag to signal when new mail has been stored. Parity is checked passively 
on each port and may be ignored if not desired. Parity generation can be selected for data read from each port. 
Two or more devices can be used in parallel to create wider data paths. 


The SN74ABT3612 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
‘synchronous control. 


The full flag (FFA, FFB) and almost-full (AFA, AFB) flag of a FIFO are two-stage synchronized to the port clock 
that writes data to its array. The empty flag (EFA, EFB) and almost-empty (AEA, AEB) flag of a FIFO are 
two-stage synchronized to the port clock that reads data from its array. 


The SN74ABT3612 is characterized for operation from 0°C to 70°C. 
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PCB PACKAGE 
(TOP VIEW) 
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NC — No internal connection 
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PQ PACKAGET 
(TOP VIEW) 
é 
i 
aje\<o Lie SS Sbas 382 SESE 8 se 5 oem 
EERE aS SSW ZB 25 8S Zooo BB Zb 8 SEs ARRE 
OD ET RTS ER CICERO U ERRORS GRE 
171615 14131211109 8 7 6 5 4 3 2 1182 130 128 126 124 122 120 118 
GND Cis O 131 129 127 5 123 121 119 Lae — GND 
AEA (119 115 F AEB 
EFA C20 114 > EFB 
AO C721 113 F-2 BO 
Ail C4 22 112-3 Bt 
A2 C4 23 111 F3 B2 
GND CH 24 110 = GND 
A3 C—}.25 109 EF B3 
A4 [7 26 108 EF B4 
A5 [-4 27 107 -—] Bd 
A6 Cj 28 106 -— B6 
Voc —4 29 105 EF Vcc 
A7 [1 30 104-4 B7 
A8 [4 31 103 F B8 
AQ Co 32 102 —— B9 
GND C= 33 101 /— GND 
A10 CJ] 34 100 —-— B10 
Ali C435 99 F— B11 
Voc L__§ 36 98 -—] Voc 
Al2 C4 37 97 -— Bi2 
A13 C4 38 96 F— B13 
A14 C—-4 39 95 F) B14 
GND C4 40 94-7 GND 
A15 Co 41 93 F—] B15 
A16 C4 42 92 fF) B16 
Ai7 [443 91 4 B17 
A18 Co 44 90 —— B18 
A19 (445 89 EF B19 
A20 C4 46 838 -— B20 
GND C44 47 87 (—_) GND 
A21 C1 48 86 -— B21 
A22 [49 85 —— B22 
A23 C4 50 84 -—) B23 
51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 
PU UU UU UU UU UU UU UU UU UU UU UU UU UU oo 
OTrNOaOQRADMDVATAOHMMDATNODAWOTSTMNODANrADODARDOwNWeT O 
SUPP ZI IVOV Sez GOV Z2RS Vz RBROMAAZAAA© 
NC — No internal connection 
t Uses Yamaichi socket 1C51-1324-828 
: 
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functional block diagram 
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Terminal Functions 


PINNAME| VO] DESCRIPTION 
A0-A35 Port-A data. The 36-bit bidirectional data port for side A. 


REA O Port-A almost-empty flag. Programmable almost-empty flag synchronized to CLKA. AEA is low when the number of 
en A) | words in FIFO2 is less than or equal to the value in the offset register, X. , 


Port-B almost-empty flag. Programmable almost-empty flag synchronized to CLKB. AEB is low when the number of 
on B) | words in FIFO1 is less than or equal to the value in the offset register, X. 
Port-A almost-full flag. Programmable almost-full flag synchronized to CLKA. AFA is low when the number of empty 
on A) | locations in FIFO1 is less than or equal to the value in the offset register, X. 


Port-B almost-full flag. Programmable almost-full flag synchronized to CLKB. AFB is low when the number of empty 
ne B) | locations in FIFO2 is less than or equal to the value in the offset register, X. 
BO-B35 Port-B data. The 36-bit bidirectional data port for side B. 


CLKA Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. EFA, FFA, AFA, and AEA are synchronized to the low-to-high transition of CLKA. 


CLKB Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. EFB, FFB, AFB, and AEB are synchronized to the low-to-high transition of CLKB. 


OSA | Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-A35 outputs are in the high-impedance state when CSA is high. 


ose Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
. BO-B35 outputs are in the high-impedance state when CSB is high. 
Port-A empty flag. EFA is synchronized to the low-to-high transition of CLKA. When EFAis low, FIFO2 is empty and reads 
O from its memory are disabled. Data can be read from FIFO2 to the output register when EFA is high. EFA is forced low 
(port A) | when the device is reset and is set high by the second low-to-high transition of CLKA after data is loaded into empty 
FIFO2 memory. 
Port-B empty flag. EFB is synchronized to the low-to-high transition of CLKB. When EFB is low, FIFO1 is empty and 
reads from its memory are disabled. Data can be read from FIFO1 to the output register when EFB is high. EFB is forced 
low when the device is reset and is set high by the second low-to-high transition of CLKB after data is loaded into empty 
FIFO1 memory. 
| ENA | |__| Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 
| ENB | I | Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 
Port-A full flag. FFA is synchronized to the low-to-high transition of CLKA. When FFA is low, FIFO1 is full and writes to 
its memory are disabled. FFA is forced low when the device is reset and is set high by the second low-to-high transition 
of CLKA after reset. 
Port-B full flag. FFB is synchronized to the low-to-high transition of CLKB. When FFB is low, FIFO2 is full and writes to 
its memory are disabled. FFB is forced low when the device is reset and is set high by the second low-to-high transition 
of CLKB after reset. 


FS1, FSO Flag offset selects. The low-to-high transition of RST latches the values of FSO and FS1, which selects one of four preset 
values for the almost-empty flag and almost-full flag offset. 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation When the 
MBA AO0-A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 


FIFO2 output register data for output. 


Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
MBB BO-B35 outputs are active, a high level on MBB selects data from the mail1 register for output and a low level selects 


AFA 


O 
(port A) 


0 
(port B) 


FIFO1 output register data for output. 


Mail1 register flag. MBF1 is set low by the low-to-high transition of CLKA that writes data to the mail1 register. Writes 
MBF 1 to the mail1 register are inhibited while MBF 1 is low. MBF 1 is set high by a low-to-high transition of CLKB when a port-B 


read is selected and MBB is high. MBF1 is set high when the device is reset. 
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Terminal Functions (Continued) 


PNNAME] VO[_———S~SCSSCSESCRIPTION SOS 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
read is selected and MBA is high. MBF2 is set high when the device is reset. 


Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high, and even parity is checked when 
ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation is enabled . 
for a read operation. 


Port-A parity error flag. When any byte applied to terminals AO—A35 fails ary PEFA is low. Bytes are organized as 
A0—A8, A9—A17, A18—A26, and A27-—A35, with the most significant bit of each byte serving as the parity bit. The 
type of parity checked is determined by the state of the ODD/EVEN input. 

The parity trees used to check the A0—A35 inputs are shared by the mail2 register to generate parity if parity generation 
is selected by PGA. Therefore, if a mail2 read with parity generation is setup by having W/RA low, MBA high, and PGA 
high, the PEFA flag is forced high regardless of the state of the AO—A35 inputs. 


Port-B parity error flag. When any byte applied to terminals BO—B35 fails parity, PEFB is low. Bytes are organized as 
BO-B8, B9—B17, B18—B26, and B27—B35, with the most significant bit of each byte serving as the parity bit. The 
type of parity checked is determined by the state of the ODD/EVEN input. 

The parity trees used to check the BO —B35 inputs are shared by the mail1 register to generate parity if parity generation 
is selected by PGB. Therefore, if a mail1 read with parity generation is setup by having W/RB low, MBB high, and PGB 
high, the PEFB flag is forced high regardless of the state of the BO—B35 inputs. 


Port-A parity generation. Parity is generated for data reads from port A when PGA is high. The type of parity generated 
is selected.by the state of the ODD/EVEN input. Bytes are organized as AO—A8, A9—A17, A18—A26, and A27—A35. 
The generated parity bits are output in the most significant bit of each byte. | 























































































Port-B parity generation. Parity is generated for data reads from port B when PGB is high. The type of parity generated 
is selected by the state of the ODD/EVEN input. Bytes are organized as BO—B8, B9—-B17, B18—B26, and B27-—B35. 
The generated parity bits are output in the most significant bit of each byte. 


| Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. This sets the AFA, AFB, MBF1, and MBF2 flags high and the EFA, EFB, AEA, AEB, FFA, and FFB 
flags low. The low-to-high transition of RST latches the s status of the FS1 and FSO inputs to select almost-full flag and 


almost-empty flag offset. 


Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A fora | 
low-to-high transition of CLKA. The AO-—A35 outputs are in the high-impedance state when W/RA is high. — 


Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port B for a 
low-to-high transition of CLKB. The BO—B35 outputs are in the high-impedance state when W/RB is high. 




































detailed description 


reset 


The SN74ABT3612 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. The reset input can switch asynchronously to the clocks. A device 
reset initializes the internal read and write pointers of each FIFO and forces the full flags (FFA, FFB) low, the 
empty flags (EFA, EFB) low, the almost-empty flags (AEA, AEB) low, and the almost-full flags (AFA, AFB) high. 
A reset also forces the mailbox flags (MBF1, MBF2) high. After a reset, FFA is set high after two low-to-high 
transitions of CLKA and FFBis set high after two low-to-high transitions of CLKB. The device must be reset after 
power up before data is written to its memory. 


A low-to-high transition on the RST input loads the almost-full and almost-empty offset register (X) with the value 
selected by the flag- -select (FSO, FS1) inputs. The values that can be loaded into the register are shown in 
Table 1. | 
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reset (continued) 


Table 1. Flag Programming 


ALMOST-FULL AND 
ALMOST-EMPTY FLAG 
OFFSET REGISTER (X) 


16 


12 





FIFO write/read operation 


The state of the port-A data (AO—A35) outputs is controlled by the port-A chip select (CSA) and the port-A 
write/read select (W/RA). The AO—A35 outputs are in the high-impedance state when either CSA or W/RA is 
high. The AO-—A35 outputs are active when both CSA and W/RA are low. Data is loaded into FIFO1 from the 
AO—A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA is high, ENA is high, MBA is low, 
and FFA is high. Data is read from FIFO2 to the AO—A35 outputs by a low-to-high transition of CLKA when CSA 
is low, W/RA is low, ENA is high, MBA is low, and EFA is high (see Table 2). 


Table 2. Port-A Enable Function Table 


a CE ee ee 


In high-impedance state None 
























None 
FIFO1 write 
Mail1 write 


In high-impedance state 





In high-impedance state 





In high-impedance state 





None 
FIFO2 read 
None 
Mail2 read (set MBF2 high) 


Active, FIFO2 output register 





Active, FIFO2 output register 





Active, mail2 register 


Trertreiitair XK 





aia 


fo Fer om SE SSE Ee 





ee ee 





a Ff . SE: We 3S 


Active, mail2 register 


The port-B control signals are identical to those of port A. The state of the port-B data (BO-B35) outputs is 
controlled by the port-B chip select (CSB) and the port-B write/read select (W/RB). The BO—B35 outputs are 
in the high-impedance state when either CSB or W/RB is high. The BO—B35 outputs are active when both CSB 
and W/RB are low. 


Data is loaded into FIFO2 from the BO-B35 inputs on a low-to-high transition of CLKB when CSB is low, W/RB 
is high, ENB is high, MBB is low, and FFB is high. Data is read from FIFO1 to the BO—B35 outputs by a 
low-to-high transition of CLKB when CSB is low, W/RB is low, ENB is high, MBB is high, and EFB is high (see 
Table 3). 


The setup and hold time constraints to the port clocks for the port chip selects (CSA, CSB) and write/read selects 
(W/RA, W/RB) are only for enabling write and read operations and are not related to high-impedance control 
of the data outputs. If a port enable is low during a clock cycle, the port chip select and write/read select may 
change states during the setup and hold time window of the cycle. 
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FIFO write/read operation (continued) 


Table 3. Port-B Enable Function Table 


[eas [wre [eve [was [exe | so-sssourpurs | ponrrunerion 


In high-impedance state None 
In high-impedance state None 
In high-impedance state | FIFO2 write 


In high-impedance state Mail2 write 
Active, FIFO1 output register None 
Active, FIFO1 output register FIFO1 read 
Active, mail1 register None 
Active, mail1 register Mail1 read (set MBF1 high) 





synchronized FIFO flags 


Each FIFO is synchronized to its port clock through two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on the output when CLKA and CLKB operate asynchranous'y 
to one another (see the application report Metastability Performance of Clocked FIFOs in the 1994 
High-Performance FIFO Memories Data Book, literature #SCADO03B). EFA, AEA, FFA, and AFA are 


synchronized to CLKA. EFB, AEB, FFB, and AFB are synchronized to CLKB. Tables 4 and 5 show the 
relationship of each port flag to FIFO1 and FIFO2. 


Table 4, FIFO1 Flag Operation 
SYNCHRONIZED | SYNCHRONIZED 
NUMBER OF WORDS ae CLKB TO ee 
IN FIFO1T 


1 to X 
(X +1) to [64 — (X +1)] 
(64 — X) to 63 
64 
t Xis the value inthe al —— flag and almost-full = offset — 








Table 5. FIFO2 Flag Operation 


SYNCHRONIZED | SYNCHRONIZED 
NUMBER OF WORDS ee CLKA TO a a 
IN FIFO2T 


1 to X 
(X +1) to [64 — (X +1)] 
(64 — X) to 63 
64 
T Xis the value in the almost-empty flag and almost-full flag offset register. 
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empty flags (EFA, EFB) 
The empty flag of a FIFO is synchronized to the port clock that reads data from its array. When the empty flag 


is high, new data can be read to the FIFO output register. When the empty flag is low, the FIFO is empty and 
attempted FIFO reads are ignored. 


The read pointer of a FIFO is incremented each time a new word is clocked to the output register. The state 
machine that controls an empty flag monitors a write-pointer and read-pointer comparator that indicates when 
the FIFO SRAM status is empty, empty+1, or empty+2. A word written to a FIFO can be read to the FIFO output 

_ register in a minimum of three cycles of the empty flag synchronizing clock; therefore, an empty flag is low if 
a word in memory is the next data to be sent to the FIFO output register and two cycles of the port clock that 
reads data from the FIFO have not elapsed since the time the word was written. The empty flag of the FIFO is 
set high by the second low-to-high transition of the synchronizing clock, and the new data word can be read to 
the FIFO output register in the following cycle. 


A low-to-high transition on an empty flag synchronizing clock begins the first synchronization cycle of a write 
if the clock transition occurs at time ts,4 or greater after the write. Otherwise, the subsequent clock cycle can 
be the first synchronization cycle (see Figures 6 and 7). 


full flags (FFA, FFB) 


The full flag of a FIFO is synchronized to the port clock that writes data to its array. When the full flag is high, 
a memory location is free in the SRAM to receive new data. No memory locations are free when the full flag is 
low and attempted writes to the FIFO are ignored. 


Each time a word is written to a FIFO, the write pointer is incremented. The state machine that controls the full 
flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM status is full, 
full—1, or full-2. From the time a word is read from a FIFO, the previous memory location is ready to be written 
ina minimum of three cycles of the full flag synchronizing clock; therefore, a full flag is low if less than two cycles 
of the full flag synchronizing clock have elapsed since the next memory write location has been read. The second 
low-to-high transition on the full flag synchronizing clock after the read sets the full flag high and data can be 
written in the following clock cycle. 


A low-to-high transition on a full flag synchronizing clock begins the first synchronization cycle of a read if the 
clock transition occurs at time ts,4 or greater after the read. Otherwise, the subsequent clock cycle can be the 
first synchronization cycle (see Figures 8 and 9). 
almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost empty, almost empty+1, or almost empty+2. The almost-empty state is 
defined by the value of the almost-full and almost-empty offset register (X). This register is loaded with one of 


four preset values during a device reset (See reset). An almost-empty flag is low when the FIFO contains X or 
less words in memory and is high when the FIFO contains (X + 1) or more words. 


Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for the 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of the synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of the 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time t.,.o or greater 
after the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 11 and 12). 
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almost-full flags (AFA, AFB) 


The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full—-1, or almost full-2. The almost-full state is defined by the value of 
the almost-full and almost-empty offset register (X). This register is loaded with one of four preset values during 


_a device reset (see reset). An almost-full flag is low when the FIFO contains (64 — X) or more words in memory 


and is high when the FIFO contains [64 — (X + 1)] or less words. 


Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for the 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [64 — (X + 1)] 
or less words remains low if two cycles of the synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [64 — (X + 1)]. An almost-full flag is set high by the second low-to-high 
transition of the synchronizing clock after the FIFO read that reduces the number of words in memory to 
[64 — (X + 1)]. A low-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at time tg,~e or greater after the read that reduces the number of words in memory to 
[64 —(X + 1)]. Otherwise, the subsequent synchronizing clock cycle can be the first synchronization cycle (see 
Figures 13 and 14). 


maifbox registers 


Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low-to-high transition on CLKA writes AO—A35 data to the mail1 register 
when a port-A write is selected by CSA, W/RA, and ENA and MBA is high. A low-to-high transition on CLKB 
writes BO—B35 data to the mail2 register when a port-B write is selected by CSB, W/RB, and ENB and MBB 
is high. Writing data to a mail register sets the corresponding flag (MBF1 or MBF2) low. Attempted writes to a 
mail register are ignored while the mail flag is low.. 





When a port’s data outputs are active, the data on the bus comes from the FIFO output register when the port 
mailbox-select input (MBA, MBB) is low and from the mail register when the port mailbox-select input is high. 
The mail1 register flag (MBF 1) is set high by a low-to-high transition on CLKB when a port-B read is selected 
by CSB, W/RB, and ENB and MBB is high. The mail2 register flag (MBF2) is set high by a low-to-high transition 





_ ON CLKA when a port-A read is selected by CSA, W/RA, and ENA and MBA is high. The data in a mail register 


remains intact after it is read and changes only when new data is written to the register. 


parity checking 


The port-A inputs (AO—A35) and port-B inputs (BO—B35) each have four parity trees to check the parity of 
incoming (or outgoing) data. A parity failure on one or more bytes of the input bus is reported by a low level on 
the port parity error flag (PEFA, PEFB). Odd or even parity checking can be selected, and the parity error flags 
can be ignored if this feature is not desired. 








Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 
input. A parity error on one or more bytes of a port is reported by a low level on the corresponding port parity 
error flag (PEFA, PEFB) output. Port-A bytes are arranged as AO-A8, A9—A17, A18—A26, and A27—A35, with 
the most significant bit of each byte used as the parity bit. Port-B bytes are arranged as BO-B8, B9-B17, 
B18—B26, and B27-—B35, with the most significant bit of each byte used as the parity bit. When odd/even parity 
is selected, a port parity error flag (PEFA, PEFB) is low if any byte on the port has an odd/even number of low 
levels applied to the bits. 
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parity checking (continued) 


The four parity trees used to check the AO—A35 inputs are shared by the mail2 register when parity generation 
is selected for port-A reads (PGA = high). When a port-A read from the mail2 register with parity generation is 
selected with W/RA low, CSA low, ENA high, MBA high, and PGA high, the port-A parity error flag (PEFA) is 
held high regardless of the levels applied to the AO—A35 inputs. Likewise, the parity trees used to check the 
BO-—B35 inputs are shared by the mail1 register when parity generation is selected for port-B reads (PGB = high). 
When a port-B read from the mail1 register with parity generation is selected with W/RB low, CSB low, ENB high, 
MBB high, and PGB high, the port-B parity error flag (PEFB) is held high regardless of the levels applied to the 


BO-—B35 inputs. 
parity generation 





A high level on the port-A parity generate select (PGA) or port-B parity generate select (PGB) enables the 
SN74ABT3612 to generate parity bits for port reads from a FIFO or mailbox register. Port-A bytes are arranged 
as AO—A8, A9—A17, A18—A26, and A27—A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as BO—B8, B9-B17, B18—B26, and B27-—B35, with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to ail thirty-six inputs 
regardless of the state of the parity generate select (PGA, PGB) inputs. When data is read from a port with parity 
generation selected, the lower eight bits of each byte are used to generate a parity bit according to the level on 
the ODD/EVEN select. The generated parity bits are substituted for the levels originally written to the most 
- significant bits of each byte as the word is read to the data outputs. 


Parity bits for FIFO data are generated after the data is read from SRAM and before the data is written to the 
output register. Therefore, the port-A parity generate select (PGA) and odd/even parity select (ODD/EVEN) 
have setup and hold time constraints to the port-A clock (CLKA) and the port-B parity generate select (PGB) 
and ODD/EVEN have setup and hold-time constraints to the port-B clock (CLKB). These timing constraints only 
apply for a rising clock edge used to read a new word to the FIFO output register. 


The circuit used to generate parity for the mail1 data is shared by the port-B bus (BO—B35) to check parity and 
the circuit used to generate parity for the mail2 data is shared by the port-A bus (AO—A35) to check parity. The 
shared parity trees of a port are used to generate parity bits for the data in a mail register when the port write/read 
select (W/RA, W/RB) input is low, the port mail select (MBA, MBB) input is high, chip select (CSA, CSB) is low, 
enable (ENA, ENB) is high, and port parity generate select (PGA, PGB) is high. Generating parity for 
mail-register data does not change the contents of the register. 
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Figure 2. Port-A Write-Cycle Timing for FIFO1 
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Figure 3. Port-B Write-Cycle Timing for FIFO2 
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Figure 4. Port-B Read-Cycle Timing for FIFO1 
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Figure 5. Port-A Read-Cycle Timing for FIFO2 
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t tsk1 is the minimum time between a rising CLKA edge and arising CLKB edge for EFB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than ts,1, the transition of EFB high may occur one CLKB cycle later than shown. 


Figure 6. EFB-Flag Timing and First Data Read When FIFO1 Is Empty 
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t tsk1 is the minimum time between a rising CLKB edge and arising CLKA edge for EFA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than tg7, the transition of EFA high may occur one CLKA cycle later than shown. 


Figure 7. EFA-Flag Timing and First Data Read When FIFO2 Is Empty 
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tT tsk1 is the minimum time between a rising CLKB edge anda rising CLKA edge for FFA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than tsx4, FFA may transition high one CLKA cycle later than shown. 


Figure 8. FFA-Flag Timing and First Available Write When FIFO1 Is Full 
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t tsk7 is the minimum time between a rising CLKA edge anda rising CLKB edge for FFB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than tsk4, FFB may transition high one CLKB cycle later than shown. 


Figure 9. FFB-Flag Timing and First Available Write When FIFO2 Is Full 





wi TEXAS 
INSTRUMENTS 


5-48 | POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 


SN74ABT3612 
64 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 


SCBS129D — JULY 1992 — REVISED JANUARY 1994 


CLKA 


teu(EN2) fe —$) f— tENZ) 
ENA 


| 
—tsk2t 


tpd(c-Az) #-———— tpd(C-AE) # ————» 


EB X Words in FIFO1 (X + 1) Words in FIFO14 a 
t | le th(EN2) 


su(EN2) 


T tsk is the minimum time between arising CLKA edge anda rising CLKB edge for AEB totransition high in the next CLKB cycle. Ifthe time between 
the rising CLKA edge and rising CLKB edge is less than tsk, AEB may transition high one CLKB cycle later than shown. 
NOTE A: FIFO1 write (CSA =L, W/RA = H, MBA = L), FIFO1 read (CSB = L, W/RB =L, MBB = L). 


Figure 10. Timing for AEB When FIFO1 Is Almost Empty 
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tT tsk2 is the minimum time between a rising CLKB edge anda rising CLKA edge for AEA totransition high inthe next CLKA cycle. Ifthe time between 
the rising CLKB edge and rising CLKA edge is less than tsk2, AEA may transition high one CLKA cycle later than shown. 
NOTE A: FIFO2 write (CSB = L, W/RB = H, MBB = L), FIFO2 read (CSA = L, W/RA = L, MBA =L). 


Figure 11. Timing for AEA When FIFO2 Is Almost Empty 
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T tsa is the minimum time between a rising CLKA edge and arising CLKB edge for AFA to transition high in the next CLKA cycle. If the time between 


the rising CLKA edge and rising CLKB edge is less than tga, AFA may transition high one CLKB cycle later than shown. 
NOTE A: FIFO1 write (CSA = L, W/RA = H, MBA = L), FIFO1 read (CSB = L, W/RB = L, MBB = L). 


Figure 12. Timing for AFA When FIFO1 Is Almost Full 
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t tsk2 is the minimum time between a rising CLKB edge andarising CLKA edge for AFB to transition high in the next CLKB cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than ts~0, AFB may transition high one CLKA cycle later than shown. 


NOTE A: FIFO2 write (CSB = L, W/RB= H, MBB = L), FIFO2 read (CSA = L, W/RA = L, MBA = L). 


Figure 13. Timing for AFB When FIFO2 Is Almost Full 
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Figure 14. Timing for Mail1 Register and MBF1 Flag 





v5 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 5-51 


SN74ABT3612 | 
64 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 


SCBS129D — JULY 1992 - REVISED JANUARY 1994 


[eT IN gE NS oe ee hh ks a Sis Ne Be SE en tl a Ne A ee el ee Ree tg Sg we Bp Bee a Ce I Ris UR ore ek ee oT, Se ee EP ee gh a I S| 
tsu(EN1) <—t = th(EN1) 





© tpd(C-MF) + f— tpa(c-MF) — | 
MBF2 acne amamea, eee DAE aaa 
| | 





A0—A35 


FIFO2 Output Register | 


NOTE A: Port-A parity generation off (PGA = L) | 
Figure 15. Timing for Mail2 Register and MBF2 Flag 
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Figure 16. ODD/EVEN, W/RA, MBA, and PGA to PEFA Timing 
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Figure 17. ODD/EVEN, W/RB, MBB, and PGB to PEFB Timing 
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Figure 18. Parity-Generation Timing When Reading From the Mail2 Register 
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NOTE A: ENB is high. 
Figure 19. Parity-Generation Timing When Reading From the Mail1 Register 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VOC... ee cece cece eee teeta enna eee eeeeneeeeneeenes -0.5Vto7V 
Input voltage range, Vj (see Note 1) 2.2... cece cece cece eee nes —-0.5 V to Veo + 0.5 V 
Output voltage range, Vo (see Note 1) ........... cece ee eee eee eee ee Rendiacete aloud —0.5 V to Veco + 0.5 V 
Input clamp current, liq (Vjp<O Or Vi > Voc) 2... cece cc cee eee cee cece e ee ee teeter neneaeas +20 mA 
Outout clamp: current, lok: (Vo. <0 Or Vo => VGC) twasn doce wrdarsnntdeieeeusde tales sasv dels +50 mA 
Continuous output current, lo (Vo =O tO Voc) ... eee eee eee eee eee ee eeeeeee +50 mA 
Continuous current through Voc or GND ......... 0. cece cece ne reece een e eens eeceetasenenees +500 mA 
Operating free-air temperature range, Ta ...... ee ccc cece cece Sta Dee eaay ent rec haus aad 0°C to 70°C 
Storage temperature range ......... ccc eee ee cen eee cence tee en eeteeeeee -65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 


recommended operating conditions 


Supply voltage 
VIH High-level input voltage 
VIL Low-level input voltage 


IOH High-level output current 


LOL Low-level output current 
TA Operating free-air temperature 





electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


ae a Voc = 5.5 V, Vi =Voc or 0 +50 
[ouipusrigh [| _60| ma 


















Voc = 5.5 V, lo =O mA, Vi= Voc or GND 






¥ All typical values are at Vcc =5 V, Ta = 25°C. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 19) 


le Glock eyoletime, CLKArGLKBSSCSC~C~—~‘“*~S*~*~sCSSC*‘dSCiSC*dC Cid 
lwiGLKty Pulse duration, CLKA and GLKBHigh——SC~—~S—~—SSC*dC Cd 
tw(CLKL) _ Pulse duration, CLKA and CLKB low | 12 ons 


Setup time, AO—A35 before CLKAT and BO-B35 before CLKBT | 


' Setup time, CSA, W/RA before CLKAT; CSB, W/RB before 
su(EN1 ) CLKBT 


tsu(EN2) Setup time, ENA before CLKAT; ENB before CLKBT 
tsu(EN3) | Setup time, MBA before CLKAT; MBB before CLKBT 


Setup time, ODD/EVEN and PGA before CLKAT; ODD/EVEN and 
PGB before CLKBTT 


tsu(RS Setup time, RST low before CLKAT or CLKBTt 
Setup time, FSO and FS1 before RST high 
| Hold time, AO—A35 after CLKAT and BO-—B35 after CLKBT 


4 
Hold time, CSA, W/RA after CLKAT; CSB, W/RBafterCLKBT [| 2 £[| 2 &2.| 2 | ns | 
fs 
















Pa 
” 
Cc 
OD 


~~ 
” 
x 
U 
2 


th(EN2) Hold time, ENA after CLKAT; ENB after CLKBT } 
th(EN3 Hold time, MBA after CLKAT; MBB after CLKBT 


, Hold time, ODD/EVEN and PGA after CLKAT: ODD/EVEN and 
h(PG) PGB after CLKBTT 


thiRS Hold time, RST low after CLKAT or CLKBTt 
th(FS Hold time, FSO and FS1 after RST high 


=— ay — 
zs> ITs [Mf 

: | oa 
M19 “Tl 
= oO 









tetS Skew time, between CLKAT and CLKBT for EFA, 
sk1 FFA, andFFB 


> 
m 


FB, 





tero$ Skew time, between CLKAT and CLKBT for AEA, AEB, 
Sk2 AFA, and AFB . 


T Only applies for a clock edge that does a FIFO read 

+ Requirement to count the clock edge as one of at least four needed to reset a FIFO 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 30 pF (see Figures 1 through 19) 


‘ABT3612-15 | ‘ABT3612-20 | ‘ABT361 ea 


ace Poi ine. cua Fence B_[ 2 wo] 2 a] 5] 
2 [28 ns 
tod(C-AE) Propagation delay time, CLKAT to AEA and CLKBT to AEB 4 2 
tod(C-AF) Propagation delay time, CLKAT to AFA and CLKBT to AFB | 2 15 | 


t Propagation delay time, CLKAT to MBF1 low or MBF2 high and 
pd(C-MF) — CLKBT to MBF2 low or MBF1 high 
Propagation delay time, CLKAT to BO-B35T and CLKBT to 
tpd(C-MR) AO—A35t | 3 11 3 13 3 15 


Propagation delay time, MBA to AO—A35 valid and MBB to 
BO-—B35 valid 


' Propagation delay time, AO-A35 valid to PEFA valid; BO-B35 
pd(D-PE) valid to PEFB valid 


tod(O-PE Propagation delay time, ODD/EVEN to PEFA and PEFB 


§ Propagation delay time, ODD/EVEN to parity bits (A8, A17, A26, 
A35) and (B8, B17, B26, B35) 


Propagation delay time, W/RA, CSA, ENA, MBA, or PGA to 
PEFA; W/RB, CSB, ENB, MBB, or PGB to PEFB 


Propagation delay time, W/RA, CSA, ENA, MBA, or PGA to 
tod(E-PB)S parity bits (A8, A17, A26, A35); W/RB, CSB, ENB, MBB, or PGB 
to parity bits (B8, B17, B26, B35) 


' Propagation delay time, RST to (AEA, AEB) low and (AFA, AFB, 
pa(R-F) = MBF1, MBF2) high. 


Enable time, CSA and W/RA low to AO—A35 active and CSB low 

and W/RB high to BO-—B35 active 
ae Disable time, CSA « or W/RA high to AO—A35 at high impedance , 3 , 9 , 11 
dis and CSB high or W/RB low to BO—B35 at high impedance 
t Writing data to the mail1 register when the BO—B35 outputs are active and MBB is high. 


+ Writing data to the mail2 register when the AO—A35 outputs are active and MBA is high. 
§ Only applies when reading data from a mail register 


‘ 





















'pd(M-DV) 















tpd(O-PB) 
















tod(E-PE) 
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ee a CHARACTERISTICS 


SUPPLY CURRENT 
VS 
CLOCK FREQUENCY 


400 


fdata = 1/2 felock 
Ta = 25°C 
CL = 0 pF 


. Ve 
ER 
eer 
Bee 7ce7 


wo _ wet ttt 
Arti ttt 


350 


I CC(f) ~ Supply Current -mA 





felock ~ Clock Frequency — MHz 
Figure 20 


calculating power dissipation 


The Ic¢cif) Current for the graph in Figure 20 was taken while simultaneously reading and writing the FIFO on 
the SN74ACT3612 with CLKA and CLKB set to foiocg,-All data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated with the equation below. 


With Ic¢c(f) taken from Figure 20, the maximum dynamic power dissipation (Pp) of the SN74ABT3612 can be 
calculated by: 


Pp = Voc X leciry + X(CL x Voc x (VoH — VoL) * fo) 


where: 
Ci = output capacitive load 
fo = switching frequency of an output 
VOH = high-level output voltage 
VoL = low-level output voltage 


When no reads or writes are occurring on the SN74ABT3612, the power dissipated by a single clock (CLKA or 
CLKB) input running at frequency foiocgk is calculated by: 


Pt = Voc * folock X 0-29 mA/MHz 
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PARAMETER MEASUREMENT INFORMATION 


5V 
1.1kQ 
From Output 
Under Test 
680 2 30 pF 
(see Note A) 
LOAD CIRCUIT 
3V —_——7—7 3V 
Timing High-Level 
Input 1.5V Input 1.5V 1.5V 
ft — —— — — GND | | GND 
tsy 9 th > ty > 
Data | aera a : 
| | 3V 
~ Enable 1.5V 1.5V Low-Level 1.5V 
Input GND Input ne 
npu P —_—-— — GND 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
— — 3V 
Output 
a a 1.5V 1.5V 
| | ! GND 
vy al tLz > le— tpzi - 
Low-Level | | pag - ieee SY 
Output | ; Input 1.5V 1.5V 
: i gone SOE ae | GND 
>| PZH 
| VOH tod ¢— >| l¢—P- toa 
High-Level hee VOH 
Output | | 1.5V In-Phase 
| made OY Output 15V 1.5V 
—P | tpHz P VOL 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES PROPAGATION DELAY TIMES 


NOTE A: Includes probe and jig capacitance , 
Figure 21. Load Circuit and Voltage Waveforms 
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@ Free-Running CLKA and CLKB Can Be ® Microprocessor Interface Control Logic 
Asynchronous or Coincident @ FF and AF Flags Synchronized by CLKA 

®@ 64 x 36 FIFO Buffering Data From Port A to @ EF and AE Flags Synchronized by CLKB 

ee See rene ees ®@ Passive Parity Checking on Each Port 
Direction yp g ®@ Parity Generation Can Be Selected for Each 


Port 
® Dynamic Port-B Bus Sizing of 36 Bits (Long 


Word), 18 Bits (Word), and 9 Bits (Byte) : neene eieast a ee 
® Selection of Big- or Little-Endian Format for upports ec requencies up to 67 MHz 
Word and Byte Bus Sizes ® Fast Access Times of 10 ns 
@ Three Modes of Byte-Order Swapping on @ Available in Space-Saving 120-Pin Thin 
Port B Quad Flat Package (PCB) or 132-Pin Quad 
Flat Package (PQ) 


@ Programmable Almost-Full and 
Almost-Empty Flags 


description 


The SN74ABT3613 is a high-speed, low-power BICMOS clocked FIFO memory. It supports clock frequencies 
up to 67 MHz and has read-access times as fast as 10 ns. A 64 x 36 dual-port SRAM FIFO on board the chip 
buffers data from port A to port B. The FIFO has flags to indicate empty and full conditions and two 
programmable flags (almost full and almost empty) to indicate when a selected number of words is stored in 
memory. FIFO data on port B can be output in 36-bit, 18-bit, and 9-bit formats with a choice of big- or little-endian 
configurations. Three modes of byte-order swapping are possible with any bus-size selection. Communication 
between each port can bypass the FIFO via two 36-bit mailbox registers. Each mailbox register has a flag to 
signal when new mail has been stored. Parity is checked passively on each port and can be ignored if not 
desired. Parity generation can be selected for data read from each port. 


The SN74ABT3613 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple interface between microprocessors 
and/or buses controlled by a synchronous interface. 


The full flag and almost-full flag of a FIFO are two-stage synchronized to the port clock that writes data to its 
array. The empty flag and almost-empty flag of a FIFO are two-stage synchronized to the port clock that reads 
data from its array. 


The SN74ABT3613 is characterized for operation from 0°C to 70°C. 





PRODUCTION DATA Information is current as of publication date. Copyright © 1994, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments 


standard warranty. Production processing does not necessarily include 


testing of all parameters. vis TEXAS. 
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1 
2 
3 
4 
5 
6 
7 
8 
9 


NC — No internal connection 


PCB PACKAGE 
(TOP VIEW) 
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PQ PACKAGET 
(TOP VIEW) 
é 
if 
45$8 osfebsa Spe scasbeliss&2en 
LKB S a's SO Ze So Bob zm SS SS zk S SEA Roo 
BVP MSMR el SAC cee et UTE A MELD E CEE iia 
9876543 2 1 1 
GND co U GND 
NC c= AE 
NC co EF 
AO BO 
Ail Co B1 
A2 TC B2 
GND co GND 
A3 B3 
AA B4 
A5 Co B5 
A6 Co B6 
Vec Vcc 
Arie B7 
A8 C= B8 
AQ BQ 
GND co GND 
A10 co B10 
Ait B11 
Voc = Voc 
A12 B12 
A13 Co B13 
A1l4 co B14 
GND co GND 
A1i5 co B15 
A16 co B16 
Ares B17 
A18 co B18 
A19 B19 
A20 Co B20 
GND co GND 
A21 co B21 
A22 C= B22 
A23 co B23 
eee Eee a Tee See ee eee eee ETD ee ESCM E CTE I EVM Ts, 
OFTMOOQKRAMOVGDArYNOMYNONOTYTMOATADOMWARDAONWYT O 
SEES FSS ES SAS ZLLL ZAR Mesa Shaagsaaay 


NG — No internal connection 
t Uses Yamaichi socket IC51-1324-828 
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functional block diagram 


CLKA 
CSA 
W/RA 
ENA 
MBA 


RST 


ODD/ 
EVEN 


Control 









Port-A 
Control! 


Logic 








Mail 
| lg | Register 


input Register 


Programmable-Flag 
eee Offset Register 
















Parity 
Generation 
Bus Matching and 
Byte Swapping 
Output Register 


Write Read 
Pointer Pointer 


Status-Flag 
Logic 





Mail2 
Register 





4 








Parity — 
Gen/Check ia an 
ae ae 





Port-B 


Control 
Logic 





PGB 


el 
mT 


BO-B35 
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Terminal Functions 


TERMINAL 
NAME DESCRIPTION 


A0—A35 Port-A data. The 36-bit bidirectional data port for side A. 
AE O Almost-empty flag. Programmable almost-empty flag synchronized to CLKB. AE is low when the number of 36-bit words 
(port B) | in the FIFO is less than or equal to the value in the offset register, X. 
AE O Almost-full flag. Programmable almost-full flag synchronized to CLKA. AF is low when the number of 36-bit empty 
(port A) | locations in the FIFO is less than or equal to the value in the offset register, X. | 


BO-B35 Port-B data. The 36-bit bidirectional data port for side B. 


Big-endian select. Selects the bytes on port B used during byte or word FIFO reads. A low on BE selects the most 
significant bytes on BO—B35 for use, and a high selects the least significant bytes. | 
oe 
























Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. FF and AF are synchronized to the low-to-high transition of CLKA. 













Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. Port-B byte swapping and data port sizing operations are also synchronous to the low-to-high 
transition of CLKB. EF and AE are synchronized to the low-to-high transition of CLKB. 





ra chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
rae outputs are in the high-impedance state when CSA is high. 













| oe Pi Vee chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
Ete Wee outputs are in the high-impedance state when CSB is high. 

Empty flag. EF is synchronized to the low-to-high transition of CLKB. When EF is low, the FIFO is empty and reads from 

its memory are disabled. Data can be read from the FIFO to the output register when EF is high. EF is forced low when 

fe B) | the device is reset and is set high by the second low-to-high transition of CLKB after data is loaded into empty FIFO 

memory. 


| ENA [| 1 | Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 
| ENB [ I Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


lean 







Full flag. FF is synchronized to the low-to-high transition of CLKA. When FF is low, the FIFO is full and writes to its 
memory are disabled. FF is forced low when the device is reset and is set high by the second low-to-high transition of 
CLKA after reset. 








Flag offset selects. The low-to-high transition of RST latches the values of FSO and FS1, which selects one of four preset 
FS1, FSO 
values for the almost-empty flag and almost-full flag offset. 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 





AO-A35 outputs are active, mail2 register data is output. 






Mail1 register flag. MBF1 is set low by the low-to-high transition of CLKA that writes data to the mail1 register. Writes 
to the mail1 register are inhibited while MBF 1 is low. MBF 1 is set high by a low-to-high transition of CLKB when a port-B 
read is selected and both SIZ1 and SIZO are high. MBF1 is set high when the device is reset. 














Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
read is selected and MBA is high. MBF2 is set high when the device is reset. 

















MBF2 


ODD/ 
EVEN 


S=Er O 
PEFA (port A) 


Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high, and even parity is checked when 
ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation is enabled 
for a read operation. 











Port-A parity error flag. When any byte applied to terminals AO—A35 fails parity, PEFA is low. Bytes are organized as 
AO-A8, A9—A17, A18—A26, and A27—A35 with the most significant bit of each byte serving as the parity bit. The type 
of parity checked is determined by the state of the ODD/EVEN input. 

The parity trees used to check the AO—A35 inputs are shared by the mail2 register to generate parity if parity generation 
is selected by PGA; therefore, if a mail2 read with parity generation is set up by having CSA low, ENA high, W/RA low, 
MBA high, and PGA high, the PEFA flag is forced high regardless of the state of the AO—A35 inputs. 
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Terminal Functions (Continued) 


TERMINAL 
NAME | vo DESCRIPTION 


Port-B parity error flag. When any valid byte applied to terminals BO—B35 fails parity, PEFB is low. Bytes are erganized:| 
as BO-—B8, B9-B17, B18—B26, and B27-—B35 with the most significant bit of each byte serving as the parity bit. A 
byte is valid when it is used by the bus size selected for port B. The type of parity checked is determined by the state 
of the ODD/EVEN input. 

The parity trees used to check the BO—B35 inputs are shared by the mail1 register to generate parity if parity generation 
is selected by PGB; therefore, if a mail1 read with parity generation is set up by having CSB low, ENB high, W/RB low, 
SIZ1 and SIZO high, and PGB high, the PEFB flag is forced high regardless of the state of the BO—B35 inputs. 


Port-A parity generation. Parity is generated for data reads from the mail2 register when PGA is high. The type of parity 
generated is selected by the state of the ODD/EVEN input. Bytes are organized as AO—A8, AQ-—A17, A18—A26, and 
A27-A35. The generated parity bits are output in the most significant bit of each byte. 


































| Port-B parity generation. Parity is generated for data reads from port B when PGB is high. The type of parity generated 
is selected by the state of the ODD/EVEN input. Bytes are organized as BO—B8, B9—B17, B18—B26, and B27-B35. 
The generated parity bits are output in the most significant bit of each byte. 


















Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. This sets the AF, MBF1, and MBF2 flags high and the EF, AE, and FF flags low. The low-to-high 
transition of RST latches the status of the FS1 and FSO inputs to select almost-full flag and almost-empty flag offset. 


Port-B bus size selects. The low-to-high transition of CLKB latches the states of SIZO, SIZ1, and BE, and the following 
low-to-high transition of CLKB implements the latched states as a port-B bus size. Port-B bus sizes can be long word, 
word, or byte. A high on both SIZO and SIZ1 accesses the mailbox registers for a port-B 36-bit write or read. 









RST 


| 


| 
SWO, SW1 (port B) 
me 
we 


detailed description 














Port-B byte swap selects. At the beginning of each long word FIFO read, one of four modes of byte-order swapping 
is selected by SWO and SW1. The four modes are no swap, byte swap, word swap, and byte-word swap. Byte-order 
swapping is possible with any bus-size selection. 








Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The AO—A35 outputs are in the high-impedance state when W/RA is high. 






Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port B for a 
low-to-high transition of CLKB. The BO—B35 outputs are in the high-impedance state when W/RB is high. 





reset 


The SN74ABT3613 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. The reset input can switch asynchronously to the clocks. A device 
reset initializes the internal read and write pointers of each FIFO and forces the full flag (FF) low, the empty flag 
(EF) lo low, the almost-empty flag (AE) Ic low, and the almost-full flag (AF) high. A reset also forces the mailbox flags 
(MBF1, MBF2) high. After a reset, FF is set high after two low-to-high transitions of CLKA. The device must be 
reset after power up before data is written to its memory. 


A low-to-high transition on the RST input loads the almost-full and almost-empty offset register (X) with the value 
selected by the flag-select (FSO, FS1) inputs. The values that can be loaded into the register are shown in 
Table 1. 


Table 1. Flag Programming 


ALMOST-FULL AND 
ALMOST-EMPTY FLAG 
OFFSET REGISTER (X) 
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FIFO write/read operation 


The state of the port-A data (AO—A35) outputs is controlled by the port-A chip select (CSA) and the port-A 
write/read select (W/RA). The AO—A35 outputs are in the high-impedance state when either CSA or W/RA is 
high. The AO—A35 outputs are active when both CSA and W/RA are low. Data is loaded into the FIFO from the 
AO—A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA is high, ENA i is high, MBA is low, 
and FFA is high (see Table 2). 


Table 2. Port-A Enable Function Table 


See Se ee ee 


In high-impedance state None 
















None 
FIFO write 
Mail1 write 


In high-impedance state 









In high-impedance state 





In high-impedance state 





Active, mail2 register None 





Active, mail2 register None 





None 
Mail2 read (set MBF2 high) 


Active, mail2 register 





Pr Se re rere re 





oo FF Ce re E Ezz 
Dr ee re EE a ea 
os DA ec) re SE pec < 


Active, mail2 register 


The state of the port-B data (BO—B35) outputs is controlled by the port-B chip select (CSB) anc and the port-B 
write/read select (W/RB). The BO—B35 outputs are in the high- -impedance state when either CSB or W/RB is 
high. The BO—B35 outputs are active when both CSB and W/RB are low. Data is read from the FIFO to the 
BO-—B35 outputs by a low-to-high transition of CLKB when CSB is low, W/RB is low, ENB is high, EFB is high, 
and either SIZO or SIZ1 is low (see Table 3). 


Table 3. Port-B Enable Function Table 


[eas [wns [eves [aise [one | sr-exsoureure [ponrrunerow 


In high-impedance state None 











































X In high-impedance state None 

One, both low In high-impedance state None 
Both high In high-impedance state Mail2 write 

One, both low Active, FIFO output register None 





FIFO read 
None 
Maili read (set MBF1 high) 


One, both low 
Both high 
Both high 


Active, FIFO output register 









Active, mail1 register 





Cc rr nr cr rr Tr 





Oe oe re EE Se 
Ce ee ee 


Active, mail1 register 


The setup and hold time constraints to the port clocks for the port chip selects (CSA, CSB) and write/read selects 
(W/RA, W/RB) are only for enabling write and read operations and are not related to high-impedance control 
of the data outputs. If a port enable is low during a clock cycle, the port chip select and write/read select can 
change states during the setup and hold time window of the cycle. 
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synchronized FIFO flags 


_ Each FIFO flag is synchronized to its port clock through two flip-flop stages. This is done to improve flag reliability 


by reducing the probability of metastable events on the output when CLKA and CLKB operate asynchronously 
to one another (see the application report Metastability Performance of Clocked FIFOs in the 1994 
High-Performance FIFO Memories Data Book, literature #SCADO03B). FF and AF are synchronized to CLKA. 
EF and AE are synchronized to CLKB. Table 4 shows the relationship of each port flag to the level of FIFO fill. 


Table 4. FIFO Flag Operation 


| SYNCHRONIZED | SYNCHRONIZED 
| NUMBER OF 36-BIT TO CLKB are CLKA 
WORDS IN THE FIFOT 











0 L L H Tr 

1 to X H L H H 

(X + 1) to [64 - (X + 1)] H H H H 
(64 — X) to 63 H H L H 


64 H H 
T Xis the value in the almost-empty flag and almost-full flag offset register. 





empty flag (EF) 


The FIFO empty flag is synchronized to the port clock that reads data from its array (CLKB). When the empty 
flag is high, new data can be read to the FIFO output register. When the empty flag is low, the FIFO is empty 
and attempted FIFO reads are ignored. When reading the FIFO with a byte or word size on port B, EF i Is set 
low when the fourth byte or second word of the last long word is read. 


The FIFO read pointer is incremented each time a new word is clocked to the output register. The state machine 
that controls the empty flag monitors a write-pointer and a read-pointer comparator that indicates when the FIFO 
SRAM status is empty, empty+1, or empty+2. A word written to the FIFO can be read to the FIFO output register 
in a minimum of three port-B clock (CLKB) cycles. An empty flag is low if a word in memory is the next data to 
be sent to the FIFO output register and two cycles of the port clock that reads data from the FIFO have not 
elapsed since the time the word was written. The empty flag of the FIFO is set high by the second low-to-high 
transition of CLKB, and the new data word can be read to the FIFO output register in the following cycle. 


A low-to-high transition on CLKB begins the first synchronization cycle of a write if the clock transition occurs 
at time ts,4 or greater after the write. Otherwise, the subsequent clock cycle can be the first synchronization 
cycle (see Figure 9). 


full flag (FF) 


The FIFO full flag is synchronized to the port clock that writes data to its array (CLKA). When the full flag is high, 
a memory location is free in the SRAM to receive new data. No memory ocalions are free when the full flag is 
low and attempted writes to the FIFO are ignored. 


Each time a word is written to the FIFO, the write pointer is incremented. The state machine that controls a full 
flag Monitors a wiité-pointer aig a fead-pointer comparator that indicates when the FIFO SRAM status is full, 
full-1, or full-2. From the time a word is read from the FIFO, the previous memory location is ready to be written 
in a minimum of three CLKA cycles. A full flag is low if less than two CLKA cycles have elapsed since the next 
memory write location has been read. The second low-to-high transition on the full-flag synchronizing clock after 
the read sets the full flag high and data can be written in the following clock cycle. 


A low-to-high transition on CLKA begins the first synchronization cycle of a read if the clock transition occurs 


at time ts, 4 or greater after the read. Otherwise, the subsequent as cycle can be the first synchronization cycle 


_ (see Figure 10). 
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almost-empty flag (AE) 


The FIFO almost-empty flag is synchronized to the port clock that reads data from its array (CLKB). The state 
machine that controls an almost-empty flag monitors a write-pointer and a read-pointer comparator that 
indicates when the FIFO SRAM status is almost empty, almost empty+1, or almost empty+2. The almost-empty 
state is defined by the value of the almost-full and almost-empty offset register (X). This register is loaded with 
one of four preset values during a device reset (see reset). An almost-empty flag is low when the FIFO contains 
X or less long words in memory and is high when the FIFO contains (X + 1) or more long words. 


Two low-to-high transitions of CLKB are required after a FIFO write for the almost-empty flag to reflect the new 
level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) or more long words remains low if two 
CLKB cycles have not elapsed since the write that filled the memory to the (X + 1) level. An almost-empty flag 
is set high by the second low-to-high transition of CLKB after the FIFO write that fills memory to the (X + 1) level. 
A low-to-high transition of CLKB begins the first synchronization cycle if it occurs at time ts, or greater after 
the write that fills the FIFO to (X + 1) long words. Otherwise, the subsequent CLKB cyclé can be the first 
synchronization cycle (see Figure 11). 


almost-full flag (AF) 


The FIFO almost-full flag is synchronized to the port clock that writes data to its array (CLKA). The state machine 
that controls an almost-full flag monitors a write-pointer and a read-pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full—1, or almost full-2. The almost-full state is defined by the value 
of the almost-full and almost-empty offset register (X). This register is loaded with one of four preset values 
during a device reset (See reset above). An almost-full flag is low when the FIFO contains (64 — X) or more long 
words in memory and is high when the FIFO contains [64 — (X + 1)] or less long words. 


Two low-to-high transitions of CLKA are required after a FIFO read for the almost-full flag to reflect the new level 
of fill; therefore, the almost-full flag of a FIFO containing [64 — (X + 1)] or less words remains low if two CLKA 
cycles have not elapsed since the read that reduced the number of long words in memory to [64 — (X + 1)]. An 
almost-full flag is set high by the second low-to-high transition of CLKA after the FIFO read that reduces the 
number of long words in memory to [64 — (X + 1)]. A low-to-high transition of CLKA begins the first 
synchronization cycle if it occurs at time tyxo or greater after the read that reduces the number of long words 
in memory to [64 — (X + 1)]. Otherwise, the subsequent CLKA cycle can be the first synchronization cycle 
(see Figure 12). 


mailbox registers 


Two 36-bit bypass registers (mail1, mail2) are on board the SN74ABT3613 to pass command and control 
information between port A and port B without putting it in queue. A low-to-high transition on CLKA writes 
AO—A35 data to the mail1 register when a port-A write is selected by CSA, W/RA, and ENA, and MBA is high. 
A low-to-high transition on CLKB writes BO—B35 data to the mail2 register when a port-B write is selected by 
(CSB, W/RB, and ENB) and both SIZO and SIZ1 are high. Writing data to a mail register sets the corresponding 
flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored while the mail flag is low. 





When the port-B data outputs (BO—B35) are active, the data on the bus comes from the FIFO output register 
when either one or both SIZ1 and SIZO are low and from the maili register when both SIZ1 and SIZO are high. 
The mail1 register flag (MBF1) is set high by a rising CLKB edge when a port-B read is selected by CSB, W/RB, 
and ENB, and both SIZ1 and S!ZO are high. The mail2 register flag (MBF2) is set high by a rising CLKA edge 
when a port-A read is selected by CSA, W/RA, and ENA and MBA is high. The data in the mail register remains 


intact after it is read and changes only when new data is written to the register. 
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dynamic bus sizing 


The port-B bus can be configured in a 36-bit long word, 18-bit word, or 9-bit byte format for data read from the 
FIFO. Word- and byte-size bus selections can utilize the most significant bytes of the bus (big endian) or least 
significant bytes of the bus (little endian). Port-B bus-size can be changed dynamically and synchronous to 
CLKB to communicate with peripherals of various bus widths. 


The levels applied to the port-B bus size select (SIZO, SIZ1) inputs and the big-endian select (BE) input are 
stored on each CLKB low-to-high transition. The stored port-B bus-size selection is implemented by the next 
rising edge on CLKB according to Figure 1. 


Only 36-bit long-word data is written to or read from the FIFO memory on the SN74ABT3613. Bus-matching 
operations are done after data is read from the FIFO RAM. Port-B bus sizing does not apply to mail-register 
operations. | 
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Figure 1. Dynamic Bus Sizing 
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dynamic bus sizing (continued) 
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Figure 1. Dynamic Bus Sizing (continued) 


bus-matching FIFO reads 


Data is read from the FIFO RAM in 36-bit long-word increments. If a long-word bus size is implemented, the — 
entire long word immediately shifts to the FIFO output register upon a read. If byte or word size is implemented 
on port B, only the first one or two bytes appear on the selected portion of the FIFO output register with the rest 
of the long word stored in auxiliary registers. In this case, subsequent FIFO reads with the same bus-size 
implementation output the rest of the long word to the FIFO output register in the order shown by Figure 1. 


Each FIFO read with a new bus-size implementation automatically unloads data from the FIFO RAM to its output 
register and auxiliary registers. Implementing a new port-B bus size and performing a FIFO read before all bytes 
or words stored in the auxiliary registers have been read results in a loss of the unread data in these registers. 


When reading data from FIFO in byte or word format, the unused BO—B35 outputs remain inactive but static, 
with the unused FIFO output register bits holding the last data value to decrease power consumption. 
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port-B mail register access 


In addition to selecting port-B bus sizes for FIFO reads, the port-B bus size select (SIZ0, SIZ1) inputs also access 
the mail registers. When both SIZO and SIZ1 are high, the mail1 register is accessed for a port-B long-word read 
and the mail2 register is accessed for a port-B long-word write. The mail register is accessed immediately and 
any bus-sizing operation that can be underway is unaffected by the the mail-register access. After the mail- 
register access is complete, the previous FIFO access can resume in the next CLKB cycle. The logic diagram 
in Figure 2 shows the previous bus-size selection is preserved when the mail registers are accessed from port B. 
A port-B bus size is implemented on each rising CLKB edge according to the states of SIZO_Q, SIZ1_Q, and 
BE_Q. 





CLKB 
Gak $iZ0_Q 
siZ1_Q 
= er 
siZi 
BE 
Figure 2. Logic Diagram for SIZO, SIZ1, and BE Register 
byte swapping | 


The byte-order arrangement of data read from the FIFO can be changed synchronous to the rising edge of 
CLKB. Byte-order swapping is not available for mail-register data. Four modes of byte-order swapping 
(including no swap) can be done with any data port-size selection. The order of the bytes are rearranged within 
the long word, but the bit order within the bytes remains constant. | 


Byte arrangement is chosen by the port-B swap select (SW0, SW1) inputs on a CLKB rising edge that reads 
a new long word from the FIFO. The byte order chosen on the first byte or first word of a new long word read 
from the FIFO is maintained until the entire long word is transferred, regardless of the SWO and SW1 states 
during subsequent reads. Figure 3 is an example of the byte-order swapping available for long word reads. 
Performing a byte swap and bus size simultaneously for a FIFO read first rearranges the bytes as shown in 
Figure 3, then outputs the bytes as shown in Figure 1. 
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byte swapping (continued) 
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Figure 3. Byte Swapping for FIFO Reads (Long-Word Size Example) 
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parity checking 


The port-A data inputs (AO—A35) and port-B data inputs (BO—B35) each have four parity trees to check the parity 
of incoming (or outgoing) data. A parity failure on one or more bytes of the port-A data bus is reported by a low 
level on the port-A parity error flag (PEFA). A parity failure on one or more bytes of the port-B data inputs that 
are valid for the bus-size implementation is reported by a low level on the port-B parity error flag (PEFB). Odd 
or even parity checking can be selected, and the parity error flags can be ignored if this feature is not desired. 








Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 
input. A parity error on one or more valid bytes of a port is reported by a low level on the corresponding 
port-parity-error flag (PEFA, PEFB) output. Port-A bytes are arranged as AO-A8, A9—A17, A18—A26, and 
A27-A35. Port-B bytes are arranged as BO—-B8, B9—B17, B18-—B26, and B27—B35, and its valid bytes are 
those used in a port-B bus-size implementation. When odd/even parity is selected, a port-parity-error flag 
(PEFA, PEFB) is low if any valid byte on the port has an odd/even number of low levels applied to the bits. 














The four parity trees used to check the AO—A35 inputs are shared by the mail2 register when parity generation 
is selected for port-A reads (PGA = high). When a port-A read from the mail2 register with parity generation is 
selected with CSA low, ENA high, W/RA low, MBA high, and PGA high, the port-A parity error flag (PEFA) is 
held high regardless of the levels applied to the AO—A35 inputs. Likewise, the parity trees used to check the 
BO—B35 inputs are shared by the mail1 register when parity generation is selected for port-B reads (PGB = high). 
When a port-B read from the mail1 register with parity generation is selected with CSB low, ENB high, W/RB 
low, both, SIZO and SIZ1 high, and PGB high, the port-B parity error flag (PEFB) is held high regardless of the 
levels applied to the BO—B35 inputs. 








parity generation 


A high level on the port-A parity generate select (PGA) or port-B parity generate select (PGB) enables the 
SN74ABT3613 to generate parity bits for port reads from a FIFO or mailbox register. Port-A bytes are arranged 
as AO—A8, A9—A17, A18—A26, and A27—A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as BO—B8, B9—B17, B18—B26, and B27-—B35 with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all nine inputs of a byte 
regardless of the state of the parity generate select (PGA, PGB) inputs. When data is read from a port with parity 
generation selected, the lower eight bits of each byte are used to generate a parity bit according to the level on 
the ODD/EVEN select. The generated parity bits are substituted for the levels origninally written to the most 
significant bits of each byte as the word is read to the data outputs. 





Parity bits for FIFO data are generated after the data is read from SRAM and before the data is written to the 
output register. The port-A parity generate select (PGA) and odd/even parity select (ODD/EVEN) have setup 
and hold time constraints to the port-A clock (CLKA) and the port-B parity generate select (PGB) and 
ODD/EVEN select have setup and hold-time constraints to the port-B clock (CLKB). These timing constraints 
only apply for a rising clock edge used to read a new long word to the FIFO output register. 





The circuit used to generate parity for the mail1 data is shared by the port-B bus (BO—B35) to check parity and 
the circuit used to generate parity for the mail2 data is shared by the port-A bus (AO—A35) to check parity. The 
shared parity trees of a port are used to generate parity bits for the data in a mail register when the port chip 
select (CSA, CSB) is low, enable (ENA, ENB) is high, and write/read select (W/RA, W/RB) input is low, the mail 
register is selected (MBA is high for port A; both SIZO and SIZ1 are high for port B), and port parity generate 
select (PGA, PGB) is high. Generating parity for mail-register data does not change the contents of the register. 
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Figure 5. FIFO-Write-Cycle Timing 
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+ Data read from the FIFO 


DATA SWAP TABLE FOR FIFO LONG-WORD READS 


FIFO-DATA WRITE SWAP MODE FIFO-DATA READ 
A35-A27 A26-A18 A17-A9 A8-AO | SW1 SWO | B35-B27 B26-B18 B17-B9 B8-BO 





Figure 6. FIFO Long-Word Read-Cycle Timing 
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tT SIZO = H and SIZ1 = H selects the mail1 register for output on BO-B35. 
+ Unused word BO—B17 or B18-B35 holds last FIFO output register data for word-size reads. 


DATA SWAP TABLE FOR FIFO-WORD READS 


FIFO-DATA READ 
FIFO-DATA WRITE SWAP MODE | READ 
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Figure 7. FIFO-Word Read-Cycle Timing 
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EF High | | | | l 
| | | | | 
| | | | | 
CSB | | | . 
| | | | | 
= | | « | . | | 
W/RB | 












7 \/ \4 


ROSS ! 
No Operation | 
| tsu(sw) \e—vle-»} th(SW) | | l | 


AF MZ NZ NZ AMA NZ VA M4 NZ NZ SN 17 NA ON 0 NF N07 0” NN WS 






ENB 













tsu(SZ) es th(Sz) 

SREY es 
| 

tsu(SZ) +> 


| thsz) | | | } 
$iz1,SIZ0 XxX>) | 


















QOD 











>. . SP . SG. 






Not (1, 1)t | Not (1, 1)t Not (1, 1)t | ! | 
tsuPa) fH tea) | | | | 
PGB, apeeseeeen en eee, 
ODD/EVEN 







BO-B8 






Previous Data | 


| | | 
le— ta —>| -- ta — le ta —o — ta — tals le— 
B27-B35 (=X _Readi XK Read2 XK Read3_ XK _ Read4__) 


Previous Data 


T SIZO = H and SIZ1 = H selects the mail1 register for output on BO—B35. 
NOTE A: Unused bytes hold last FIFO output register data for byte-size reads. 


Figure 8. FIFO-Byte Read-Cycle Timing 
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FIFO-DATA WRITE SWAP MODE | READ BIG LITTLE 
NO. ENDIAN | ENDIAN 


A35-A27 A26-A18 A17-A9 A8-AO | SW1_ SWO_ B35—B27 | B8-BO 


DATA SWAP TABLE FOR FIFO-BYTE READS 








- FIFO-DATA READ 





rene 
poss 
DruouadIlrovurwalivrgqowrirwono 









pew -feen [new 
vere|areelnoos 


Figure 8. FIFO-Byte Read-Cycle Timing (continued) 
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— tp ——| 
tw(CLKH) «+> tw(CLK LL) 
GLKA / 
one | | | 
CSA Low | | } 
| | 
W/RA High | 


tsu(EN) | 
| > le then) 
MBA SS 


tsu(EN) $$ le thyEN 
ENA “YEE | RQY? 


| 
FF High | | Se 


tsu(D) = 














































A0-A35 





PQOLLOF“Y) DODO 


tskit }¢——_}¢— te —— 




















j+——->| t 
tw(CLKH) + — | w(CLKL) 
tpd(C-EF) « ———9 tpd(C-EF) 
EF FIFO Empty . | 


| 
CSB Low | | | 
——— ee ee 

WRB Low | | 

| | | 

SIZ1,SIZO Low | 


ke th(EN) 


: tsu(EN) | 
ENB CCLLLLLLLLLLLLLLILILLULLLLLALLLULLLLL@LII\ ®SSSSBSSSSSSSSSSSNSSMM9MS 




















k#— ta —> 
BO-B35 XXXKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK Ww1 





T tsk1 is the minimum time between a rising CLKA edge anda rising CLKB edge for EF to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than tg,1, the transition of EF high may occur one CLKB cycle later than shown. 
NOTE A: Port-B size of long word is selected for the FIFO read by SIZ1 =L, SIZO = L. If port-B size is word or byte, EF is set low by the last word 
or byte read from the FIFO, respectively. 


Figure 9. EF-Flag Timing and First Data Read When the FIFO Is Empty 
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oo te ——> 
tw(CLKH) heck ae tw(CLKL) 


CLKB 


W/RB _Low | 
ee 


SIZ1, SIZO. Low | 


tsu(EN) |¢—>) th(EN) 


ee eee ee ee ae ee ee ee eee ee 
EF High | 


eigee 


TTR AA Ta | <a : ; 7 a 
BO—B35 ‘Previous Word in the FIFO Output Register Next Word From the FIFO 


It tgkiT a 


tw(CLKH) #———>*" tw(CLKL) 
CLKA 1 2 | 
tpd(C-FF) at |; tpd(C-FF) 
FF FIFO Full {7 


| 
CSA Low | 


ENB 


| 
W/RA High | 
tsu(EN) «ree th(EN) 
MBA INE LZZXZLLLLI{LYYL“</, 


tsu(EN) #—>{¢41 then) 


ENA LLM LLL“) WSSSSSSSSSSS 


tsu(D) k—>1¢41 thi) 





A0-A35 a hs xx fN xX KKK KKK ZN } 
To FIFO 


t tsk is the minimum time between a rising CLKB edge anda rising CLKA edge for FF to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than ts,4, FF may transition high one CLKA cycle later than shown. 
NOTE A: Port-B size of long word is selected for the FIFO read by SIZ1 =L, SIZO = L. If port-B size is word or byte, ts1 is referenced from the 
rising CLKB edge that reads the first word or byte of the long word, respectively. 


Figure 10. FF-Flag Timing and First Available Write When the FIFO Is Full 
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Ea aaa aa a Oe a ae a Ba TO a Sa a I EO OU ea aT OG I aa MN, WD TE ES ay a 
OAS Naf Nef Nee eT CO 
| 7 | 
tsu(EN) ram< — th(EN) | 
ENA LZZZZ7h | SS 


le— tskat >| 


| tod(C-AE) > tpd(C-AE) em | 
AE XLong Words in the FIFO (X + 1) Long Words in the FIFO 


| | teeny ed) ten 


tT tsk2 is the minimum time between a rising CLKA edge and a rising CLKB edge for AE to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than tsk, AE may transition high one CLKB cycle later than shown. 
NOTES: A. FIFO write (CSA = L, W/RA =H, MBA =L), FIFO read (CSB = L, W/RB = L, MBB = L) 
B. Port-B size of long word is selected for FIFO read by SIZ1 =L, SIZO = L. If port-B size is word or byte, ts,9 is referenced to the first 


word or byte read of the long word, respectively. 


Figure 11. Timing for AE When the FIFO Is Almost Empty 


le— tgkot 


teu(EN) — i thEN) | | 


| | | 
tpd(C-AF) #1 | tpd(C-AF) («#——— 


_ | . 
AF [64 — (X + 1)] Long Words in the FIFO \_(6% ~ *) Long Words In the FF Oo y 


? S | 


|¢— th(EN) 


tsu(EN) 3 | 
ENB [LIZZ x SSS ne 


t tsk2 is the minimum time between a rising CLKA edge and a rising CLKB edge for AF to transition high in the next CLKA cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than ts,9, AF may transition high one CLKB cycle later than shown. 
NOTES: A. FIFO write (CSA =L, W/RA =H, MBA =L), FIFO read (CSB = L, W/RB = L, MBB = L) 
B. Port-B size of long word is selected for FIFO read by SIZ1 = L, SIZO = L. If port-B size is word or byte, tsk is referenced from the 


first word or byte read of the long word, respectively. 


Figure 12. Timing for AF When the FIFO Is Almost Full 
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CLKA / \ 
tsu(EN) le —F wil 















INI GE TTED CANOE IEG GOLGI T OLE ES 


oroe a an et aia. es aa. a ee 


le tpa(c-MF) toa(C-MF) > 















SIZ1, SIZO LLL LLL : | 
| 


— teu(EN) i ‘n(EN) 


| || CULT NS | 
ENB : 


| + toam-p 7 | 
ten ¢—> a tpd(C-MR) tdis #——# 


7 i ww ww Nw 





BO-—B35 


FIFO Output Register 


NOTE A: Port-B parity generation off (PGB = L) 
Figure 13. Timing for Mail1 Register and MBF1 Flag 
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t : : . : 
tsu(EN) — I¢— "h(EN) | 
CSB K | } ; 
mas 
W/RB | 
t 


SIZ1, SIZO OOD A | QOy 


SEEKS SO 





= | 
MBA | a | | ~ 
| t 
| ! tsu(EN) eee way | | 


ENA | 


| 
ten je—>| cE tod(C-MR) tgis /¢——l 





A0-A35 


NOTE A: Port-A parity generation off (PGA = L) 
Figure 14. Timing for Mail2 Register and MBF2 Flag 
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ODD/ 
EVEN 


| | 
WiRA ee 


| 
| | Pe 
MBA YWYLLLLLLLLLLLLL LLL L444 4242442445244 2, 0A WRN 
| | | | 


POA YLMLLLLLLIL LILI LLLLLILLLLLLLALLLALLLALLL NANANAANNS 


tpa(O-PE) >} tpd(O-PE) #9 tod(E-PE) #——»| _ tpq(E-peE) ¢——»! 


PEFA Valid (ss Valid Valid 
NOTE A: GSA =Land ENA=H | 
Figure 15. ODD/EVEN, W/RA, MBA, and PGA to PEFA Timing 


tpd(O-PE) 4-9 tpd(O-PE) lg ——ol tod(E-PE) 4a——_» tod(E-PE) |e 
PEFB Valid aE | eS SEE” |: NY s Valid 
NOTE A: CSB=Land ENB=H 
Figure 16. ODD/EVEN, W/RB, SIZ1, SIZO, and PGB to PEFB Timing 
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WiRA = | oo 


| . | | 
roe le ten 1 0 tp (E-PB) —> — tpg(o-PB) —>} ¢— tpa(E-PB) —>| 
A26, A35 Mail2 Data Generated Parit Mail2 Data 


NOTE A: ENA=H 
Figure 17. Parity-Generation Timing When Reading From the Mail2 Register 


EVEN 


wha | 

| | | 
oe tM a, al 

SIZO a 









PGB | 
| \¢—— tpd(E-PB) ——>| | ! 
oeeee It ton > le tod(M-DV) >| | l¢— tpa(O-PB) 7 \¢—— tpa(E-PB) =a 
B26, B35 OOOO ____ XK __ Generated Pari Generated Parit Maili Data 
Mail1 
Data 


NOTE A: ENB =H 
Figure 18. Parity-Generation Timing When Reading From the Mail1 Register 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Voc ..... eee ee eee eee eee Niwatedeetohebuan detonate oewaeesw es -0.5Vto7V 
Input voltage range, V; (See Note 1) 2... . ec e eet ec eee nee eee ennes —-0.5 V to Veo + 0.5 V 
Output voltage range, Vo (see Note 1) ....... eee eee eee eee ee eens —0.5 V to Voc + 0.5 V 
Input clamp current, li (Vjp<O Or Vp> Voc) 6. . ccc cece eee eee een cent eee etaees +20 mA 
Output clamp current, lox (Vo <O Or VQ>VOC) .. cc cece eee e cee e ene eee e nee eenee Si aedtens +50 mA 
Continuous output current, lo (Vo =O tO Voc) ..- eee eee eee teen eee eeenes +50 mA 
Continuous current through Voc or GND... ee eee teenies .. +500 mA 
Operating free-air temperature range, Ty ..... ee ccc et tee eee tee ee ena O°C to 70°C 
Storage temperature Tange: sco hs aa ese ieee i eeewteas Show ee leee coe dawnt —65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 


recommended operating conditions 


ee ace 
Voc Supply voltage eae eel ae 
VIH High-level input voltage 
VIL Low-level input voltage a) ae 
lOH High-level output current PT mA 
lOL Low-level output current FB mA 


TA Operating free-air temperature 








electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


Voo=45, lows —4mA 
[veo =55v, vie Veg ord 
[oupuistigh |__| 
[Oupuslow | 130 
[uwas esos | 

















Vi = Voc or GND 





¥ All typical values are at Voc = 5 V, Ta = 25°C. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 4 through 18) oo 


‘ABT3613-15 | ‘ABT3613-20 | ‘ABT3613-30 . 
[MIN MAX| MIN MAX| MIN MAX] 
66.7 


folock Clock frequency, CLKA or CLKB 
Tw(OLKH) Pulse duration, OLKAandOLKBRgh ——SCSC~C~C~dC(CiSSC*dYSCiCdT Cd 
Rw(CLKL) Pulse duration, CLKA and GLKBlow ———SsS~CSC~<C~TSiSC*dT SCY SC*dYC 
su) Setup time, AO—AS6 before OLKAT and BO-BaSbeforeciKeT | 4 | 5 | 6 | ns 


t Setup time, CSA, W/RA, ENA, and MBA before CLKAT;: CSB, 5 

su(EN) —_ W/RB, and ENB before CLKBT | | 

[tsuisz) Setup time, 120, SIZ1, and BE before CLKBT ae a (a 
tsu(Sw) Setup time, SWO and SWi before CLKBT oo ee 

tsu(PG Setup time, ODD/EVEN and PGB before CLKBTT 

tsu(RS Setup time, RST low before CLKAT or CLKBT+ | 

tsu(FS Setup time, FSO and FS1 before RST high 


thiD Hold time, AO—A35 after CLKAT and BO—B35 after CLKBT 


Hold time, CSA, W/RA, ENA, and MBA after CLKAT; CSB, W/RB, 
h(EN) and ENB after CLKBT 


th(SZ Hold time, SIZO, SIZ1, and BE after CLKBT Ye el 




























thiSw Hold time, SWO and SW1 after CLKBT 
IthipG Hold time, ODD/EVEN and PGB after CLKBTT 
thiRS Hold time, RST low after CLKAT or CLKBT# 


2 

, 5 

th(FS Hold time, FSO and FS1 after RST high 4 
EF and FF 


tski8 Skew time between CLKAT and CLKBT for EF and F 


Skew time between CLKAT and CLKBT for AE and AF 





rs ee 
a A el 
a a (ial ana (a 
es eee 
Le eee is 
poe ts 
[ae Sama Fie es 
i ee ae ee 
ee i ae ee 
ae ee ae ee 
p 8 tos 
es ee ce 





tsk28 
t Only applies for a clock edge that does a FIFO read 

+ Requirement to count the clock edge as one of at least four needed to reset a FIFO 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 








wy TEXAS 
INSTRUMENTS 


5-88 POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 


SN74ABT3613 
64 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
WITH BUS MATCHING AND BYTE SWAPPING 


SCBS128C — JULY 1992 - REVISED MARCH 1994 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 30 pF (see Figures 4 through 18) 


‘ABT3613-15 | ‘ABT3613-20 ‘ABT3613-30 
iiasienan [MIN MAX| MIN MAX| MIN  MAX| 


ee a oo 

tod(C-FF poe delay time, CLKAT to FF | 2 to] 22215] ons 
rE) A) ET 
tod(C-AE Propagation delay time, “CLKBT to AE | 2) to] 2 taf) 25] ons 


tod(C-AF) Propagation delay time, CLKAT to AF 2 10 2 12 2 15 | ons | 


Propagation delay time, CLKAT to MBF1 low or MBF2 high and 

'pd(C-MF) — GLKBT to MBF2 low or MBFT high ! = 3 yas 
Propagation delay time, CLKAT to BO—B35T and CLKBT to 

'bd(C-MR) — ag_-a35t 3 11 3 12 3 15 


ipa(O-PE)S Propagation delay time, OLKBT to PEFB 2 if 2 el 2 13) ne 
tod(M-DV) | Propagation delay time, SIZ1, SIZO to BO—B35 valid a ee eee ee 


Propagation delay time, A0-A35 valid to PEFA valid; BO—B35 
valid to PEFB valid 



















tod(D-PE) 

















Propagation delay time, ~ODDIEVEN to parity bits (A8, A17, A26, 
A35) and (B8, B17, B26, B35) 


Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
PEFA; CSB, ENB, W/RB, SiZ1, SIZO, or PGB to PEFB 


Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
tpd(E-PB)" _ parity bits (A8, A17, A26, A35); CSB, ENB, W/RB, SIZ1, SIZO, or 
PGB to parity bits (B8, B17, B26, B35) 


' Propagation delay time, RST to AE, EF low and AF, MBF1, 
pd(R-F) = MBF2 high. 


Enable time, CSA and W/RA low to AO—A35 active and CSB low 
and W/RB high to BO—B35 active 
t Disable time, CSA or W/RA high to AO—A35 at high impedance 
dis and CSB high or W/RB low to BO—B35 at high impedance 


Tt Writing data to the mail1 register when the BO—B35 outputs are active and SIZ1 and SIZO are high. 
+ Writing data to the mail2 register when the AO—A35 outputs are active and MBA is high. 

§ Only applies when a new port-B bus size is implemented by the rising CLKB edge. 

| Only applies when reading data from a mail register 





tod(O-PB)" 













tod(E-PE) 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT 


Vs 
CLOCK FREQUENCY 


fdata = 1/2 fclock Ll Voc = 5.5 V 
Ta = 25°C 


loom — Supply Current —mA 





0 
0 10 20 30 40 50 60 70 80 


fclock — Clock Frequency — MHz 


Figure 19 


calculating power dissipation 


The Iccyf) current for the graph in Figure 19 was taken while simultaneously reading and writing the FIFO on 
the SN74ACT3613 with CLKA and CLKB set to folog,. All data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated with the equation below. 


With Iocf taken from Figure 19, the maximum power dissipation (P-) of the SN74ABT3613 can be calculated 
by: 


Pr = Voc x loc) + LICL x (VoH - VoL)? * fol 


where: 
Ci = output capacitive load 
fo | = switching frequency of an output 
Vou = high-level output voltage 
VoL = low-level output voltage 


When no reads or writes are occurring on the SN74ABT3613, the power dissipated by a single clock (CLKA or 
CLKB) input running at frequency foiogk is calculated by: | | 


Pr = Voc X folock x 0.29 MA/MHz 
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PARAMETER MEASUREMENT INFORMATION 


5V 
1.1 kQ 
From Output 
Under Test 
680 22 30 pF 
(see Note A) 
LOAD CIRCUIT 
3V Se Se EN. 
Timing High-Level 
Input 15V Input 1.5V 1.5V 
+ ———— — GND | | GND 
tsy +¢—91 P-_ th <— ty — 
4+——- 3V | | 
Data, | | 3V 
Enable 1.5V 1.5V Low-Level. 1.5V 
Input 7 GND Input a 
npu P ——-—-— GND 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output fo NU ae 
‘Enable 1.5V 1.5V 
\ 3. GND 
—> a tpLz > ha tpZL ae 
Low-Level | | 15V rr 3V 
Output : a Input : 1.5V 1.5V 
| GND 
| —P>|  ke—tpzy 
| VOH tod > +#—?- toa 
High-Level | —~ Vo 
Output | | 1.5V In-Phase 
epee Ss QV Output 1.5V 15V 4H 
—> | tpuz 2 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES PROPAGATION DELAY TIMES 


NOTE A: Includes probe and jig capacitance 
Figure 20. Load Circuit and Voltage Waveforms 
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@ Free-Running CLKA and CLKB Can Be @ EFA, FFA, AEA, and AFA Flags 
Asynchronous or Coincident Synchronized by CLKA 

® Two Independent 64 x 36 Clocked FIFOs @ EFB, FFB, AEB, and AFB Flags 
Buffering Data in Opposite Directions Synchronized by CLKB 

®@ Mailbox Bypass Register for Each FIFO @ Passive Parity Checking on Each Port 

® Dynamic Port-B Bus Sizing of 36 Bits (Long ® Parity Generation Can Be Selected for Each 
Word), 18 Bits (Word), and 9 Bits (Byte) Port 

® Selection of Big- or Little-Endian Format for ® Low-Power Advanced BiCMOS Technology 
Word and Byte Bus Sizes © Supports Clock Frequencies up to 67 MHz 

® Three Modes of Byte-Order Swapping on © Fast Access Times of 10 ns 
Beit © Available in Space-Saving 120-Pin Thin 

e Almost-Full and Almost-Empty Flags Quad Flat Package (PCB) or 132-Pin Quad 

® Microprocessor Interface Control Logic Flat Package (PQ) 

description 


The SN74ABT3614 is a high-speed, low-power BiCMOS bidirectional clocked FIFO memory. It supports clock 
frequencies up to 67 MHz and has read-access times as fast as 10 ns. Two independent 64 x 36 dual-port SRAM 
FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and full 
conditions and two programmable flags (almost full and almost empty) to indicate when a selected number of 
words is stored in memory. FIFO data on port B can be input and output in 36-bit, 18-bit, and 9-bit formats with 
a choice of big- or little-endian configurations. Three modes of byte-order swapping are possible with any bus 
size selection. Communication between each port can bypass the FIFOs via two 36-bit mailbox registers. Each 
mailbox register has a flag to signal when new mail has been stored. Parity is checked passively on each port 
and can be ignored if not desired. Parity generation can be selected for data read from each port. 


The SN74ABT3614 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or: 
coincident. The enables for each port are arranged to provide a simple bidirectional interface between 
microprocessors and/or buses controlled by a synchronous interface. 


The full flag and almost-full flag of a FIFO are two-stage synchronized to the port clock that writes data to its 
array. The empty flag and almost-empty flag of a FIFO are two-stage synchronized to the port clock that reads 
data from its array. | 


The SN74ABT3614 is characterized for operation from 0°C to 70°C. 


PRODUCTION DATA Information Is current as of publication date. Copyright © 1994, Texas instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments 
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Terminal Functions 


PINNAME | 10 DESCRIPTION 
AO-A35 ON Port-A data. The 36-bit bidirectional data port for side A. 


O Port-A almost-empty flag. Programmable almost-empty flag synchronized to CLKA. AEA is low when the number of 
= A) | 36-bit words in FIFO2 is less than or equal to the value in the offset register, X. 


Port-B almost-empty flag. Programmable almost-empty flag synchronized to CLKB. AEB is low when the number of 
on B) | 36-bit words in FIFO1 is less than or equal to the value in the offset register, X. 
Port-B almost-full flag. Programmable almost-full flag synchronized to CLKB. AFB is low when the number of 36-bit 


— O 
(port B) | empty locations in FIFO2 is less than or equal to the value in the offset register, X. 


BO- B35 | VO | Port-B data. The 36-bit bidirectional data port for side B. 


Big-endian select. Selects the bytes on port B used during byte or word data transfer. A low on BE selects the most 
significant bytes on BO—B35 for use, and a high selects the least significant bytes. 















Port-A almost-full flag. Programmable almost-full flag synchronized to CLKA. AFA is low when the number of 36-bit 
empty locations in FIFO1 is less than or equal to the value in the offset register, X. 







Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. EFA, FFA, AFA, and AEA are synchronized to the low-to-high transition of CLKA. 


Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. Port-B byte swapping and data port sizing operations are also synchronous to the low-to-high 


transition of CLKB. EFB, FFB, AFB, and AEB are synchronized to the low-to-high transition of CLKB. 


Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0—A35 outputs are in the high-impedance state when CSA is high. 


Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
BO-—B35 outputs are in the high-impedance state when CSB is high. 


Port-A empty flag. EFA is synchronized to the low-to-high transition of CLKA. When EFA is low, FIFO2 is empty and reads 
from its memory are disabled. Data can be read from FIFO2 to the output register when EFA is high. EFA is forced low 
when the device is reset and is set high by the second low-to-high transition of CLKA after data is loaded into empty 
FIFO2 memory. 


Port-B empty flag. EFB is synchronized to the low-to-high transition of CLKB. When EFB is low, FIFO1 is empty and 
reads from its memory are disabled. Data can be read from FIFO1 to the output register when EFB is high. EFB is forced 
low when the device is reset and is set high by the second low-to-high transition of CLKB after data is loaded into empty 
FIFO1 memory. . 


| ENA | ot” Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


| enB  [ Is Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


Port-A full flag. FFA is synchronized to the low-to-high transition of CLKA. When FFA is low, FIFO1 is full and writes to 








FFA . its memory are disabled. FFA is forced low when the device is reset and is set high by the second low-to-high transition 
(port A) 
of CLKA after reset. 
— 0 Port-B full flag. FFB is synchronized to the low-to-high transition of CLKB. When FFB is low, FIFO2 is full and writes to 
FFB (port B) its memory are disabled. FFB is forced low when the device is reset and is set high by the second low-to-high transition 


of CLKB after reset. . 
Flag offset selects. The low-to-high transition of RST latches the values of FSO and FS1, which selects one of four preset 
FS1, FSO 
values for the almost-empty flag and almost-full flag offset. - 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
MBA AO-A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 








FIFO2 output register data for output. 





Mail1 register flag. MBF1 is set low by the low-to-high transition of CLKA that writes data to the mail1 register. Writes 























MBF 1 to the mail1 register are inhibited while MBF 1 is low. MBF 1 is set high by a low-to-high transition of CLKB when a port-B 
read is selected and both SIZ1 and SIZO are high. MBF1 is set high when the device is reset. 
Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
MBF2 to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 









read is selected and MBA is high. MBF2 is set high when the device is reset. 
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O 
PEFA (port A) 


O 
(port B) 





Terminal Functions (Continued) 


DESCRIPTION | | 


Odd/even parity select. Odd dd parity i is checked on each port when ODD/EVENi is high, and even parity is checked when 
ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each oo if parity generation is enabled 
for a read operation. 



















Port-A parity error flag. When any byte applied to terminals AO—A35 fails parity, PEFA is low. Bytes are organized as 
A0-A8, A9—A17, A18—A26, and A27—A35, with the most significant bit of each byte serving as the parity bit. The 
type of parity checked is determined by the state of the ODD/EVEN input. 
The parity trees used to check the AO—A35 inputs are shared by the mail2 register to generate parity if parity generation 

is selected by PGA. Therefore, if a mail2 read with parity generation is setup by having W/RA low, MBA high, and PGA 
high, the PEFA flag is forced high regardless of the state of the AO—A35 inputs. 


Port-B parity error flag. When any valid byte applied to terminals BO—B35 fails parity, PEFB is low. Bytes are organized 
as BO-B8, B9-B17, B18—B26, and B27 -—B35, with the most significant bit of each byte serving as the parity bit. A 
byte is valid when it is used by the bus size selected for port B. The type of parity checked is determined by the state 
of the ODD/EVEN input. 

The parity trees used to check the BO—B35 inputs are shared by the mail1 register to generate parity if parity generation 
is selected by PGB. Therefore, if a mail1 read with parity generation is setup by having W/RB low, SIZ1 and SIZO high, 
and PGB high, the PEFB flag is forced high regardless of the state of the BO—B35 inputs. 


Port-A parity generation. Parity is generated for data reads from port A when PGA is high. The type of parity generated 
is selected by the state of the ODD/EVEN input. Bytes are organized as AO—A8, A9—A17, A18—A26, and A27—A35. 
The generated parity bits are output in the most significant bit of each byte. 
















































Port-B parity generation. Parity is generated for data reads from port B when PGB is high. The type of parity generated 
is selected by the state of the ODD/EVEN input. Bytes are organized as BO—B8, B9—B17, B18—B26, and B27-B35. 
The generated parity bits are output in the most significant bit of each byte. 















Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. This sets the AFA, AFB, MBF1, and MBF2 flags high and the EFA, EFB, AEA, AEB, FFA, and FFB | 
flags low. The low-to-high transition of RST latches the status of the FS1 and FSO inputs to select almost-full a and 
| almost-empty flag offset. 
Port-B bus size selects. The low-to-high transition of CLKB latches the states of SIZO, SIZ1, and BE, and the following 

low-to-high transition of CLKB implements the latched states as a port-B bus size. Port-B bus sizes can be long word, 


word, or byte. A high on both SIZO and SIZ1 accesses the mailbox registers for a port-B 36-bit write or read. 
Port-B byte swap selects. At the beginning of each long word transfer, one of four modes of byte-order swapping is 
selected by SWO and SW1. The four modes are no swap, byte swap, word swap, and byte-word swap. Byte-order 
swapping is possible with any bus-size selection. 
























3120, 821 












Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The AO—A35 outputs are in the high-impedance state when W/RA is high. 







Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port B for a 
low-to-high transition of CLKB. The BO—B35 outputs are in the high-impedance state when W/RB is high. 





detailed description 


reset 


The SN74ABT3614 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. The reset input can switch asynchronously to the clocks. A device 
reset initializes the internal read and write pointers of each FIFO and forces the full flags (FFA, FFB) low, the 
empty flags (EFA, EFB) low, the almost-empty flags | (AEA, AEB) low, and the almost-full flags (AFA, AFB) high. 
A reset also forces the mailbox flags (MBF1, MBF2) high. After a reset, FFA is set high after two low-to-high 
transitions of CLKA and FFB is set high after two low-to-high transitions of CLKB. The device must be reset after 
power up before data is written to its memory. 


A low-to-high transition on the RST input loads the almost-full and almost-empty offset register (X) with the value 
selected by the flag-select (FSO, FS1) inputs. The values that can be loaded into the register are shown in 
Table 1. 
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reset (continued) > 


Table 1. Flag Programming 


ALMOST-FULL AND 
ALMOST-EMPTY FLAG 
OFFSET REGISTER (X) 


16 





FIFO write/read operation 


The state of the port-A data (AO—A35) outputs is controlled by the port-A chip select (CSA) and the port-A 
write/read select (W/RA). The AO—A35 outputs are in the high-impedance state when either CSA or W/RA is 
high. The AO—A35 outputs are active when both CSA and W/RA are low. Data is loaded into FIFO1 from the 
AO—A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA is high, ENA is high, MBA is low, 
and FFA is s high. Data is read from FIFO2 to the AO—A35 outputs by a low-to-high transition of CLKA when CSA 
is low, W/RA is low, ENA is high, MBA is low, and EFA is high (see Table 2). 


Table 2. Port-A Enable Function Table 


A| ENA | MBA | CLKA | —A0-A35 OUTPUTS PORT FUNCTION 


In high-impedance state None 



















None 
FIFO1 write 
Maili write 


In high-impedance state 





In high-impedance state 








In high-impedance state 





None 
FIFO2 read 
None 
Mail2 read (set MBF2 high) 


Active, FIFO2 output register 





Active, FIFO2 output register 





Active, mail2 register 
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Active, mail2 register 





The state of the port-B data (BO—B35) outputs is controlled by the port-B chip select (CSB) and the port-B 
write/read select (W/RB). The BO—B35 outputs are in the high-impedance state when either CSB or W/RB is 
high. The BO—B35 outputs are active when both CSB and W/RB are low. Data is loaded into FIFO2 from the 
BO-—B35 inputs on a low-to-high transition of CLKB when CSB is low, W/RB is high, ENB is high, FFB is high, 
and either SIZO or SIZ1 is low. Data is read from FIFO1 to the BO—B35 outputs by a low-to-high transition of 
CLKB when CSB is low, W/RB is low, ENB is high, EFB is high, and either SIZO or SIZ1 is low (see Table 3). 


The setup and hold time constraints to the port clocks for the port chip selects (CSA, CSB) and write/read selects 
(W/RA, W/RB) are only for enabling write and read operations and are not related to high-impedance control 
of the data outputs. If a port enable is low during a clock cycle, the port chip select and write/read select can 
change states during the setup and hold time window of the cycle. 
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FIFO writer/read operation (continued) 





Cr re re er 
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synchronized FIFO flags 


Each FIFO flag is synchronized to its port clock through two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on the output when CLKA and CLKB operate asynchronously 
to one another (see the application report Metastability Performance of Clocked FIFOs in the 1994 
High-Performance FIFO Memories Data Book, literature #SCADO03B). EFA, AEA, FFA, and AFA are 
synchronized to CLKA. EFB, AEB, FFB, and AFB are synchronized to CLKB. Tables 4 and 5 show the 





Table 3. Port-B Enable Function Table 


[eas [whe [evs [sisi [ins | so-sssoururs [rom racron 


In high-impedance state 




















xX In high-impedance state 

One, both low In high-impedance state 

Both high In high-impedance state 
One, both low Active, FIFO1 output register 








One, both low 
Both high 
Both high 


Active, FIFO1 output register 






Active, mail1 register 





af 2a EE EE 


Active, mail1 register 


relationship of each port flag to FIFO1 and FIFO2. 





5-100 


NUMBER OF 36-BiT 
WORDS IN FIFO1T 
. 


Table 4. FIFO1 Flag Operation 


SYNE ONZE? SYNCHRONIZED 
en eer CLKB TO a 





1 to X 

(X + 1) to [64-—(X+1)} | 
(64 — X) to 63 

64 











Table 5. FIFO2 Flag Operation 


SYNCHRONIZED | SYNCHRONIZED 
| Ae CLKA ee CLKB 


NUMBER OF 36-BIT 
WORDS IN FIFO2T 


0 
1 to X 
(X + 1) to [64 — (X + 1)] 
(64 — X) to 63 
64 
t Xis the value inthe almost-empty flag and almost-full flag offset register. 
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FIFO2 write 
Mail2 write | 


FIFO1 read 


Mail1 read (set MBF1 high) 








None 








None 







None 






None 
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empty flags (EFA, EFB) 
The empty flag of a FIFO is synchronized to the port clock that reads data from its array. When the empty flag 
is high, new data can be read to the FIFO output register. When the empty flag is low, the FIFO is empty and 
attempted FIFO reads are ignored. When reading FIFO1 with a byte or word size on port B, EFB is set low when 
the fourth byte or second word of the last long word is read. 


The read pointer of a FIFO is incremented each time a new word is clocked to the output register. The state 
machine that controls an empty flag monitors a write-pointer and read-pointer comparator that indicates when 
the FIFO SRAM status is empty, empty+1, or empty+2. A word written to a FIFO can be read to the FIFO output 
register in a minimum of three cycles of the empty flag synchronizing clock; therefore, an empty flag is low if 
a word in memory is the next data to be sent to the FIFO output register and two cycles of the port clock that 
reads data from the FIFO have not elapsed since the time the word was written. The empty flag of the FIFO is 
set high by the second low-to-high transition of the synchronizing clock, and the new data word can be read to 
the FIFO output register in the following cycle. 


A low-to-high transition on an empty flag synchronizing clock begins the first synchronization cycle of a write 
if the clock transition occurs at time ts,4 or greater after the write. Otherwise, the subsequent clock cycle can 
be the first synchronization cycle (see Figures 13 and 14). 


full flags (FFA, FFB) 


The full flag of a FIFO is synchronized to the port clock that writes data to its array. When the full flag is high, 
a memory location is free in the SRAM to receive new data. No memory locations are free when the full flag is 
low and attempted writes to the FIFO are ignored. 


Each time a word is written to a FIFO, the write pointer is incremented. The state machine that controls a full 
flag monitors a write pointer and read pointer comparator that indicates when the FIFO SRAM status is full, 
full—1, or full-2. From the time a word is read from a FIFO, the previous memory location is ready to be written 
ina minimum of three cycles of the full flag synchronizing clock. Therefore, a full flag is low if less than two cycles 
of the full flag synchronizing clock have elapsed since the next memory write location has been read. The second 
low-to-high transition on the full flag synchronizing clock after the read sets the full flag high and data can be 
written in the following clock cycle. | 


A low-to-high transition on a full flag synchronizing clock begins the first synchronization cycle of a read if the 
clock transition occurs at time ts,4 or greater after the read. Otherwise, the subsequent clock cycle can be the 
first synchronization cycle (see Figures 15 and 16). 
almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost empty, almost empty+1, or almost empty+2. The almost-empty state is 
defined by the value of the almost-full and almost-empty offset register (X). This register is loaded with one of 
four preset values during a device reset (See reset above). An almost-empty flag is low when the FIFO contains 
X or less long words in memory and is high when the FIFO contains (X + 1) or more long words. 


Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for the 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more long words remains low if two cycles of the synchronizing clock have not elapsed since the write that 
filled the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of 
the synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time t,o or greater 
after the write that fills the FIFO to (X + 1) long words. Otherwise, the subsequent synchronizing clock cycle can 
be the first synchronization cycle (see Figures 17 and 18). 
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almost-full flags (AFA, AFB) 


The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full—-1, or almost full-2. The almost-full state is defined by the value of 
the almost-full and almost-empty offset register (X). This register is loaded with one of four preset values during 
a device reset (see reset above). An almost-full flag is low when the FIFO contains (64 — X) or more long words 
in memory and is high when the FIFO contains [64 — (X + 1)] or less long words. 


Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for the 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [64 — (X + 1)] 
or less words remains low if two cycles of the synchronizing clock have not elapsed since the read that reduced 
the number of long words in memory to [64 — (X + 1)]. An almost-full flag is set high by the second low-to-high 
transition of the synchronizing clock after the FIFO read that reduces the number of long words in memory to 
[64 — (X + 1)]. A low-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at time tg, or greater after the read that reduces the number of long words in memory to 
[64 — (X + 1)]. Otherwise, the subsequent synchronizing clock cycle can be the first synchronization cycle (see 
Figures 19 and 20). 


mailbox registers 


Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low-to-high transition on CLKA writes AO—A35 data to the mail1 register. 
when a port-A write is selected by CSA, W/RA, and ENA, and MBA is high. A low-to-high transition on CLKB 
writes BO—B35 data to the mail2 register when a port-B write is selected by CSB, W/RB, and ENB and both SIZO 
and SIZ1 are high. Writing data to a mail register sets the corresponding flag (MBF1 or MBF2) low. Attempted 
writes to a mail register are ignored while the mail flag is low. - 


When the port-A data outputs (AO—A35) are active, the data on the bus comes from the FIFO2 output register 
when MBA is low and from the mail2 register when MBA is high. When the port-B data outputs (BO—B35) are 
active, the data on the bus comes from the FIFO1 output register when either one or both SIZ1 and SIZO are 
low and from the mail2 register when both SIZ1 and SIZO are high. The mail1 register flag (MBF 1) is set high 
by a rising CLKB edge when a port-B read is selected by CSB, W/RB, and ENB and both SIZ1 and SIZO are 
high. The mail2 register flag (MBF2) is set high by a rising CLKA edge when a port-A read is selected by CSA, 
W/RA, and ENA and MBA is high. The data in the mail register remains intact after it is read and changes only 
when new data is written to the register. 








dynamic bus sizing 


The port-B bus can be configured in a 36-bit long word, 18-bit word, or 9-bit byte format for data read from FIFO1 

or written to FIFO2. Word- and byte-size bus selections can utilize the most significant bytes of the bus (big 

endian) or least significant bytes of the bus (little endian). Port-B bus size can be changed dynamically and 
_ synchronous to CLKB to communicate with peripherals of various bus widths. ; 


The levels applied to the port-B bus size select (SIZO, SIZ1) inputs and the big-endian select (BE) input are 
stored on each CLKB low-to-high transition. The stored port-B bus size selection is implemented by the next 
rising edge on CLKB according to Figure 1. 


Only 36-bit long-word data is written to or read from the two FIFO memories on the SN74ABT3614. 
Bus-matching operations are done after data is read from the FIFO1 RAM and before data is written to the FIFO2 
RAM. Port-B bus sizing does not apply to mail-register operations. 
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Figure 1. Dynamic Bus Sizing 
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dynamic bus sizing (continued) | 
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4th: Read From FIFO1/Write to FIFO2 


(e) BYTE SIZE — LITTLE ENDIAN 
Figure 1. Dynamic Bus Sizing (continued) 


bus-matching FIFO1 reads — 


Data is read from the FIFO1 RAM in 36-bit long-word increments. If a long-word bus size is implemented, the 
entire long word immediately shifts to the FIFO1 output register. If byte or word size is implemented on port B, 
only the first one or two bytes appear on the selected portion of the FIFO1 output register with the rest of the 
long word stored in auxiliary registers. In this case, subsequent FIFO1 reads with the same bus-size 
implementation output the rest of the long word to the FIFO1 output register in the order shown by Figure 1. 


Each FIFO1 read with a new bus-size implementation automatically unloads data from the FIFO1. RAM to its 
output register and auxiliary registers. Therefore, implementing a new port-B bus size and performing a FIFO1 
read before all bytes or words stored in the auxiliary registers have been read results in a loss of the unread 
long-word data. | 


When reading data from FIFO1 in byte or word format, the unused BO-—B35 outputs remain inactive but static 
with the unused FIFO1 output register bits holding the last data value to decrease power consumption. 


- bus-matching FIFO2 writes 


Data is written to the FIFO2 RAM in 36-bit long-word increments. FIFO2 writes, with a long-word bus size, 
immediately store each long word in FIFO2 RAM. Data written to FIFO2 with a byte or word bus size stores the 
initial bytes or words in auxiliary registers. The CLKB rising edge that writes the fourth byte or the second word 
of long word to FIFO2 also stores the entire long word in FIFO2 RAM. The bytes are arranged in the manner 
shown in Figure 1. 


Each FIFO2 write with a new bus-size implementation resets the state machine that controls the data flow from 
the auxiliary registers to the FIFO2 RAM. Therefore, implementing a new bus size and performing a FIFO2 write 
before bytes or words stored in the auxiliary registers have been loaded to FIFO2 RAM results in a loss of data. 
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port-B mail register access 


In addition to selecting port-B bus sizes for FIFO reads and writes, the port-B bus size select (SIZ0, SIZ1) inputs 
also access the mail registers. When both SIZO and SIZ1 are high, the maili register is accessed for a port-B 
long-word read and the mail2 register is accessed for a port-B long-word write. The mail register is accessed 
immediately and any bus-sizing operation that can be underway is unaffected by the the mail register access. 
After the mail register access is complete, the previous FIFO access can resume in the next CLKB cycle. The 
logic diagram in Figure 2 shows the previous bus-size selection is preserved when the mail registers are 
accessed from port B. A port-B bus size is implemented on each rising CLKB edge according to the states of 
SIZO_Q, SIZ1_Q, and BE_Q. 


ee 
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so Se — 
S!IZ1 


BE 


CLKB 


i} 


SIZ0_Q 
SIZ1_Q 


a 
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_ Figure 2. Logic Diagram for SIZO, SIZ1, and BE Register 


byte swapping 


The byte-order arrangement of data read from FIFO1 or data written to FIFO2 can be changed synchronous 
to the rising edge of CLKB. Byte-order swapping is not available for mail register data. Four modes of byte-order 
swapping (including no swap) can be done with any data port size selection. The order of the bytes are 
rearranged within the long word, but the bit order within the bytes remains constant. 


Byte arrangement is chosen by the port-B swap select (SW0, SW1) inputs on a CLKB rising edge that reads 
a new long word from FIFO1 or writes a new long word to FIFO2. The byte order chosen on the first byte or first 
word of a new long word read from FIFO1 or written to FIFO2 is maintained until the entire long word is 
transferred, regardless of the SWO and SW1 states during subsequent writes or reads. Figure 3 is an example 
of the byte-order swapping available for long words. Performing a byte swap and bus size simultaneously for 
a FIFO1 read first rearranges the bytes as shown in Figure 3, then outputs the bytes as shown in Figure 1. 
Simultaneous bus-sizing and byte-swapping operations for FIFO2 writes, first loads the data according to 
Figure 1, then swaps the bytes as shown in Figure 3 when the long word is loaded to FIFO2 RAM. 
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byte swapping (continued) 
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Figure 3. Byte Swapping (Long-Word Size Example) 
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parity checking 


The port-A data inputs (AO—A35) and port-B data inputs (BO-B35) each have four parity trees to check the parity 
of incoming (or outgoing) data. A parity failure on one or more bytes of the port-A data bus is reported by a low 
level on the port-A parity error flag (PEFA). A parity failure on one or more bytes of the port-B data inputs that 
are valid for the bus-size implementation is reported by a low level on the port-B parity error flag (PEFB). Odd 
or even parity checking can be selected, and the parity error flags can be ignored if this feature is not desired. 





Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 
input. A parity error on one or more valid bytes of a port is reported by a low level on the corresponding port parity 
error flag (PEFA, PEFB) output. Port-A bytes are arranged as AO—A8, A9-A17, A18-—A26, and A27—A35. 
Port-B bytes are arranged as BO-—B8, B9—B17, B18—B26, and B27-—B35, and its valid bytes are those used 
in a port-B bus-size implementation. When odd/even parity is selected, a port parity error flag (PEFA, PEFB) 
is low if any valid byte on the port has an odd/even number of low levels applied to the bits. 














The four parity trees used to check the AO—A35 inputs are shared by the mail2 register when parity generation 
is selected for port-A reads (PGA = high). When a port-A read from the mail2 register with parity generation is 
selected with CSA low, ENA high, W/RA low, MBA high, and PGA high, the port-A parity error flag (PEFA) is 
held high regardless of the levels applied to the AO—A35 inputs. Likewise, the parity trees used to check the 
BO-B35 inputs are shared by the mail1 register when parity generation is selected for port-B reads (PGB = high). 
When aport-B read from the mail1 register with parity generation is selected with CSB low, ENB high, and W/RB 
low, both SIZO and SIZ1 high, and PGB high, the port-B parity error flag (PEFB) is held high regardless of the 
levels applied to the BO—B85 inputs. 





parity generation 


A high level on the port-A parity generate select (PGA) or port-B parity generate select (PGB) enables the 
SN74ABT3614 to generate parity bits for port reads from a FIFO or mailbox register. Port-A bytes are arranged 
as AO—A8, A9—A17, A18—-A26, and A27—A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as BO-—B8, B9-B17, B18-B26, and B27-B35, with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all nine inputs of a byte 
regardless of the state of the parity generate select (PGA, PGB) inputs. When data is read from a port with parity 
generation selected, the lower eight bits of each byte are used to generate a parity bit according to the level on 
the ODD/EVEN select. The generated parity bits are substituted for the levels origninally written to the most 
significant bits of each byte as the word is read to the data outputs. 





Parity bits for FIFO data are generated after the data is read from SRAM and before the data is written to the 

output register. Therefore, the port-A parity generate select (PGA) and odd/even parity select (ODD/EVEN) 
have setup and hold time constraints to the port-A clock (CLKA) and the port-B parity generate select (PGB) 

and ODD/EVEN have setup and hold-time constraints to the port-B clock (CLKB). These timing constraints only 

apply for a rising clock edge used to read a new long word to the FIFO output register. 





The circuit used to generate parity for the mail1 data is shared by the port-B bus (BO—B35) to check parity and 
the circuit used to generate parity for the mail2 data is shared by the port-A bus (AO—A35) to check parity. The 
shared parity trees of a port are used to generate parity bits for the data in a mail register when the port chip 
select (CSA, CSB) is low, enable (ENA, ENB) is high, write/read select (W/RA, W/RB) input is low, the mail 
register is selected (MBA is high for port A; both SIZO and SIZ1 are high for port B), and port parity generate 
- select (PGA, PGB) is high. Generating parity for mail register data does not change the contents of the register. 
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Figure 5. Port-A Write-Cycle Timing for FIFO? 
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t SIZO = H and SIZ1 =H writes data to the mail2 register. 


DATA SWAP TABLE FOR LONG-WORD WRITES TO FIFO2 | 


SWAP MODE DATA WRITTEN TO FIFO2 DATA READ FROM FIFO2 
| SW1 SWo | B35-B27 B26-B18 B17-B9 B8-BO |A35-A27 A26-A1i8 A17-A9 A8-A0 





Figure 6. Port-B Long-Word Write-Cycle Timing for FIFO2 
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Tt SIZO = H and SIZ1 = H writes data to the mail2 register. 
NOTE A: PEFB indicates parity error for the following bytes: B35—B27 and B26-—B18 for big-endian bus, and B17—B9 and B8—B0 for little- 


endian bus. 





DATA SWAP TABLE FOR WORD WRITES TO FIFO2 
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Figure 7. Port-B Word Write-Cycle Timing for FIFO2 
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T SIZO = H and SIZ1 =H writes data to the mail2 register. : 
NOTE A: PEFB indicates parity error for the following bytes: B35—B27 for big-endian bus and B17—B9 for little-endian bus. 


Figure 8. Port-B Byte Write-Cycle Timing for FIFO2 
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DATA SWAP TABLE FOR BYTE WRITES TO FIFO2 


DATA WRITTEN 
TO FIFO2 
SWAP MODE | write | —— = DATA READ FROM FIFO2 
NO. | ENDIAN Shee 
B35—B27 | B8—-B0 | A35—A27 A26-A18 A17-A9 A8—AO 
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Figure 8. Port-B Byte Write-Cycle Timing for FIFO2 (continued) 
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tT SIZO = H and SIZ1 =H selects the mail1 register for output on BO-B35. 
+ Data read from FIFO1 


DATA SWAP TABLE FOR LONG-WORD READS FROM FIFO1 


DATA WRITTEN TO FIFO1 SWAP MODE DATA READ FROM FIFO‘ 
A35-A27 A26-A18 A17-A9 A8-AO | SWi SWO | 835-B27 B26-B18 B17-B9 B8-BO 





Figure 9. Port-B Long-Word Read-Cycle Timing for FIFO1 
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T SIZO = H and SIZ1 =H selects the mail1 register for output on BO-B35. 
+ Unused word BO-B17 or B18—B35 holds last FIFO1 output register data for word-size reads. 


DATA SWAP TABLE FOR WORD READS FROM FIFO1 
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Figure 10. Port-B Word Read-Cycle Timing for FIFO1 
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TSIZO = H and siz = H selects the maili register for output on BO-B35. 
NOTE A: Unused bytes hold last FIFO1 output register data for byte-size reads. 


Figure 11. Port-B Byte Read-Cycle Timing for FIFO1 
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DATA SWAP TABLE FOR BYTE READS FROM FIFO1 
DATA READ 
FROM FIFO1 
SWAP MODE 


No | BIG | LITTLE 
* | ENDIAN | ENDIAN 
| A35-A27 A26-A18 A17-A9 A8-AO | SW1  SWO | B35-B27 | B8-BO 
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Figure 11. Port-B Byte Read-Cycle Timing for FIFO1 (continued) 











eh OE 
I tw(CLKH) #4 tw(CLKL) ‘ 
CLKA 
| | | 
EFA High | | | td 
| | | 
CSA . | | | 
| | | | 
WiRA | | | 
| | | ae 
MBA | | | || 
| tsu(EN) tsu(EN) tsu(EN) 
| | —_»| | 
| | —ol le then) | —t le then) | —4 le then) 












ENA ALLL LLLLLLA | MRR 
tod(M- N | 
pd(M-Dv) --——j+—>| ioe | t 
dis 
eee | | ra le- ty ->1 Operation a 
A0—A35 OY a i 
t t 
= tsupq) #3) 1 ThPS) teu(pqy K——e]_ FF IPG) | 
ODDIEVEN ON KKK KKK x 


t Read from FIFO2 
Figure 12. Port-A Read-Cycle Timing for FIFO2 
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— te on 
Sache ¢——4«——> tw(CLKL) 
CLKA : 
ae | | | 
CSA Sa aa 
WIRA — High 


tsu(EN) a 
| 7 tn(EN) 
_ MBA SSNS VOLT ITE TI TI ITE IIE. 
su(EN) *—> le— th(EN) 
ENA LZ | a 
| | 
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| su(D) l— thip 
OOOOOOOK W1 ROOOOOOOOOKO OK KOK OK OK OOOO ODO OX 
tsiait Speed ites to ——-—-o 
















A0-A35 


t 
twiCLKH) = an w(CLKL) 
t t . 
n= —— pd(C-EF) 
_ EFB FIFO1 Empty | 
| 
CSB Low | 


W/RB_ Low | 
| | 
SIZ1,SIZO Low | 


| fe th(EN) 


tsu(EN 
ENB YLT LLL LL LL LLL LLLLLLLL2L3 \ ®SSSSSSSSSSSSSNNNNNWY9“Y9YW 


ta 





KKKK KKK KKK KKK 


t tsk1 is the minimum time between a rising CLKA edge and a rising CLKB edge for EFB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than tg,1, the transition of EFB high may occur one CLKB cycle later than shown. 
NOTE A: Port-B size of long word is selected for FIFO1 read by SIZ1 =L, SIZO = L. If port-B size is word or byte, EFB is set low by the last word 
or byte read from FIFO1, respectively. 


Figure 13. EFB-Flag Timing and First Data Read When FIFO1 Is Empty 
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Y~— te — 
tw(CLKH) ei Sa tw(CLKL) 
| 
CSB Low | ! 
| 
(i tl ae 


| 
tsu(EN) cI = a 


| 
SIZ1, SIZO SSS VILLILLLLLLLLLLLLILLLLILLLLLLLLLLLLLLLLLL LL 2LLLL 
tsu(EN) i ‘h(EN) 
ENB LZIZZR | NANA ee 






t le—p> 
me) | > le thd) 
BO -B35 RK XK XK A Pp ( wi ) ‘ SOX aap’ ah: an > 6b 6b 6h > ' > & Gb Gb Gb O's Gy Gy G's Gh Gs Ey y's Gy Gs Gs ss, Es Gs sa" 






| t 
t le»  aaieaac| 
‘sk1 |\¢—— tw(CLKL) 
tw(CLKH) *——> | 
1 


tpd(C-EF) «+ | ! tpd(C-EF) 
EFA FIFO2 Empty | 
| f 
CSA Low | 


WIRA Low : 
| 


MBA Low . | 
ee ean ee Rg ee ee ee a ee 
tsu(EN) ‘+ th(EN) 
ENA LLLP) « SSSSSSSSSSSSSSSSSSYS 


k— ta —o 


GMM A 






















OAS OOOO 











t tsk1 is the minimum time between a rising CLKB edge and a rising CLKA edge for EFA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than ts,.1, the transition of EFA high may occur one CLKA cycle later than shown. 
NOTE A: Port-B size of long word is selected for FIFO2 write by SIZ1 =L, SIZO = L. If port-B size is word or byte, ts,4 is referenced to the rising 
CLKB edge that writes the last word or byte of the long word, respectively. 


Figure 14. EFA-Flag Timing and First Data Read When FIFO2 Is Empty 
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eae 
c > 
| 
tw(CLKH) eae a IRE! tw(CLKL) 
CLKB 
; 
CSB Low 
WRB _Low | 


$iZ1,SiZ0 Low | 
tsu(EN) |¢—>/¢>1_ th(EN) 
ENB | 
Ee ee a a ee eer ere eee ieee 
EFB | 


FB High 


fie z — | 
BO-—B35 Previous Word in FIFO1 Output Register x Next Word From FIFO1 


T 
It— tsk1 me to ———» 
tw(CLKH) #7" tw(CLK_L) 


CLKA 1 


saps OE comms, I ag OE ee aes OY aes 
: tpd(C-FF) = l¢—_——+| tpa(c-FF) 
FEA FIFO1 Full ff ae \ 


CSA Low 


eh Cee a a a RE aS nD On nT aS RO ee ONS MP a 
| | 

W/RA_ High | | 

| tsu(EN) >| th(EN) 


MBA SQ R RRR YO LLLLLLLZZEZZZLZLZ 
tou(EN) —»i¢-4! th(EN) 

ENA LLLLLLLLLLLLLLILLL LILLIA ALLL LLL KOO EAA 
tsu(D) 1-4! thi) 


A0-A35 





To FIFO1 


T tg.4 is the minimum time between a rising CLKB edge anda rising CLKA edge for FFA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than ts,4, FFA may transition high one CLKA cycle later than shown. 
NOTE A: Port-B size of long word is selected for the FIFO1 read by SIZ1 = L, SIZO = L. If port-B size is word or byte, ts, 4 is referenced from the 
rising CLKB edge that reads the first word or byte of the long word, respectively. 


Figure 15. FFA-Flag Timing and First Available Write When FIFO1 Is Full 
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| | 
tw(CLKH) ee tw(CLKL) 


| 


CSA Low | 
SS 


WiRA _Low | 
tsu(EN) |¢—>!¢>) th(EN) 
| 
| 
EFA High | i 


| ta : 
A0-—A35 Previous Word in FIFO2 Output Register x Next Word From FIFO2 


toi4T 
le— tskiT —l te | 
tw(CLKH) #—>##1_ tw(CLKL) 
CLKB a a ae a, ey a ee ie en ae 
tpa(C-FF) + <> tpd(C-FF) 


FFB FIFO2 Full | 


CSB Low | “4 
SS ———— ee 
ne a a oe a ee ee eS ee a | Se ana ea ee 

WRB High | 

tsu(EN) ee th(EN) | 
SIZ1,SIZO SQQQ QQ) ))_))?_’XQQ)Q))RRAR’RRDHO™)O}OO?MO|>RR>R”)Q2_AQAADYADRDRN VS LL LL, L222, 2, 


SA LL LL Led, 
tsu(EN) e—s | th(EN) 
ENB JX KLTLKLLLLLLLLLLLLL2ZL22Z2L2/22222ZZh 0 «\ ®SSSSSSSS\\\. 


| oy 
tsu(D) <1 th(D) 






BO-B35 SKK KKKKKKKK KKK KKK KKK KK KKK KKK KKK KKK KK PREKK KK KKK 


CN ZN ZN ZN ZY ZY AN A A ZN Za LY LI ZZ ZN ZY ZN ZA AN AA ZY Xf YZ 445 4)4)4>4 5 


To FIFO2 


t tsk 7 is the minimum time between a rising CLKA edge and arising CLKB edge for FFB to transition high in the next CLKB cycle. Ifthe time between 
the rising CLKA edge and rising CLKB edge is less than ts,4, FFB may transition high one CLKB cycle later than shown. 
NOTE A: Port-B size of long word is selected for FIFO2 write by SIZ1 = L, SIZO = L. If port-B size is word or byte, FFB is set low by the last word 
or byte write of the long word, respectively. | 


Figure 16. FFB-Flag Timing and First Available Write When FIFO2 Is Full 
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re eee, cones, OO ce I ee, oe, OE os 
4 
teu(EN) —) S~ *H(EN) | 
ENA LZ : | ANNAN 


tod(C-AE) > tpd(C-AE) : | 
AEB’ XLon wort: Le FIFO" (X + 1) Long Words in FIFO1 


I¢- th(EN) 


t Pan 
; su(EN) 


t tsk2 is the minimum time between a rising CLKA edge and arising CLKB edge for AEB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than tsk, AEB may transition high one CLKB cycle later than shown. 
NOTES: A. FIFO1 write (CSA = L, W/RA =H, MBA =L), FIFO1 read (CSB = L, W/RB = L, MBB = L). 
B. Port-B size of long word is selected for FIFO1 read by SIZ1 = L, SIZO = L. If port-B size is word or byte, AEB is set low by the first 
-word or byte read of the long word, respectively. 


Figure 17. Timing for AEB When FIFO1 Is Almost Empty 


| }e— then) 


—> 
7 tsu(EN) ¢—>| : 
ENB LZIZIIP | NANSNNN | 


| 
| jf tskat 
| | | | 
tpd(C-AE) (#9 tpd(c-AE) *# 


AE X Long Words in FIFO2 ) (X + 1) Long Words in FIFO2 \ 


> © th(EN) 
| t le—»| 
ENA | | | su(EN) | | 
tT tsk2 is the minimum time between a rising CLKB edge anda rising CLKA edge for AEA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than tgxo, AEA may transition high one CLKA cycle later than shown. 
NOTES: A. FIFO2 write (CSB = L, W/RB = H, MBB = L), FIFO2 read (CSA = L, W/RA =L, MBA = L). 


B. Port-B size of long word is selected for FIFO2 write by SIZ1 =L, SIZO = L. If port-B size is word or byte, ts2 is referenced from the 
rising CLKB edge that writes the last word or byte of the long word, respectively. 


Figure 18. Timing for AEA When FIFO2 Is Almost Empty 
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je— tskat + 
ten eH EN , ! 
ENA 
| | | 
tpd(C-AF) «> | tpd(C-AF) }¢#—— 


| | 
AFA [64 — (X + 1)] Long Words in FIFO1 \_[64 — X) Long Words in FIFO1 


|¢— th(EN) 


tsu(EN) 2 
ENB | ZT SN 


T tsk2 is the minimum time between a rising CLKA edge and arising CLKB edge for AFA to transition high in the next CLKA cycle. Ifthe time between 
the rising CLKA edge and rising CLKB edge is less than tsk, AFA may transition high one CLKB cycle later than shown. 
NOTES: A. FIFO1 write (CSA = L, W/RA =H, MBA = L), FIFO1 read (CSB = L, W/RB = L, MBB = L). 
B. Port-B size of long word is selected for FIFO1 read by SIZ1 =L, SIZO = L. If port-B size is word or byte, ts,2 is referenced from the 


first word or byte read of the long word, respectively. 
Figure 19. Timing for AFA When FIFOQ1 Is Almost Full 


It toot md 
CLKB” J | 1 2 
tsu(EN) «4 mEN) | | | 
ENB SZZZZIP | K\ | | 
tpd(C-AF) # ——+ | tpd(C-AF) > 


AFB [64 —(X + 1)] Long Words in FIFO2 ¥_04—*) Long Words In FIFO2 
at je 
, tsu(EN) —» /* *(EN) 


t tska is the minimum time between a rising CLKB edge and arising CLKA edge for AFB to transition high in the next CLKB cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than tsx2, AFB may transition high one CLKA cycle later than shown. 


NOTES: A. FIFO2 write (CSB = L, W/RB= H, MBB = L), FIFO2 read (CSA = L, W/RA = L, MBA = L). a 
B. Port-B size of long word is selected for FIFO2 write by SIZ1 = L, SIZO = L. If port-B size is word or byte, AFB is set low by the last 


word or byte write of the long word, respectively. 


Figure 20. Timing for AFB When FIFO2 Is Almost Full 
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| i su(EN)e——el 1 REN) 
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| e —___» toaqm-p | 
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FIFO1 Output Register 
NOTE A: Port-B parity generation off (PGB = L) 


Figure 21. Timing for Mail1 Register and MBF1 Flag 
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NOTE A: Port-A parity generation off (PGA = L) 


Figure 22. Timing for Mail2 Register and MBF2 Flag 
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Figure 23. ODD/EVEN, W/RA, MBA, and PGA to PEFA Timing © 
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Figure 24. ODD/EVEN, W/RB, SIZ1, SIZO, and PGB to PEFB Timing 
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MBA Lhe pl, ail 
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| — tpa(eE-pB) —4 | | 
\¢ ten + lt tpd(M-DV) > | l¢— tpa(o-PB) —> \¢—— tpd(E-PB) ——>| 
A8, A17, OOOO 
A26, A35 VOODOO Generated Parit Mail2 Data 
Mail2 
Data 


NOTE A: ENA is high. 
Figure 25. Parity-Generation Timing When Reading From the Mail2 Register 


EVEN 


wkea ——\ | 
SIZO | 








PGB 
| — tpa(e-ps) — | 
Banas I+ ten > le tod(M-DV) > | l¢— tpa(O-PB) ei \¢—— tpd(E-PB) med 
B26, B35 ROO (Maili Data 
Mail1 
Data 


NOTE A: ENB is high. 
Figure 26. Parity-Generation Timing When Reading From the Mail1 Register 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


SUDplY VONAGE (ange, VCO: arccinsayiincahwest a ieei teeta) cookie eee ens -0O.5Vto7V 
Input voltage range, V; (see Note 1) 20... cece cece ccc ee cette eenenanee -0.5 V to Vocg + 0.5 V 
Output voltage range, Vo (see Note 1) ... 0... ccc cece eee reece eees -0.5 V to Voc + 0.5 V 
Input clamp current, Ix (Vj) <OOrVj>VocG) .... cece reece eee ete e teen eeee a hue mi wateee is +20 mA 
Output clamp current, Iox (Vo <O Or VQ > Voc) -. cece cece eee eeenes Bee Reoin ta ere +50 mA 
Continuous output current, IE (Vo =O tO Vo) 66. e cee cece erect eee nett t ee eeenes +50 mA 
Continuous current through Voc or GND ....... 0... cece eee eee ots +500 mA 
Operating free-air temperature range, TA ......-- cece eect eect eee eee eee eeeeee 0°C to 70°C 
slorage 16Mperature TANGe -y ccvc ace c eddies sid twa Daweieasee toe ak eeenees -—65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other’ conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 


recommended operating conditions 


, Tmax] ONT] 
VCC Supply voltage | 45 4655[ VO | 
ViH___ High-level input voltage F200 
VIL Low-level input voltage | a ia 


lOH High-level output current 


, a) 
loL Low-level output current a i 
| a) 


TA Operating free-air temperature 


electrical characteristics over recommended eperatng.| free-air temperature range (unless 
opiemvlse noted) 


[Von |Voo=45,_lon= 4 ma eA AC 
a 
oa. Wweeeeeie wieweaor 80 
ne ae 
[oupushign [SSCS 
loc Voc = 5.5V, Io = 0 mA, Vi = Voc or GND [Outputs iow | 130] mA 
[ouipus dsabed | ——~—S~— 
ee OOSCC—COCC™C‘dL'SSC(i‘ Cd 
SE a 


+ All typical values are at Vcc = 5 V, Ta = 25°C. 
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timing requirements over recommended ranges of supply voltage and operara free-air 
temperature (see Figures 4 through 26) 


a Seana RET ee 

Sek cyte, LKR or ON i a A 
(GUE) Pub drton CLA ard CLK Ri oe 
w(GLKL) Plo draton, GLKA and CLK on ae a SA SL RAN 
tsu(D Setup time, AO-A35 before CLKAT andB0-B35beforeCLKBT | 4 #| 5 £#| 6 | ons | 


Setup time, CSA, W/RA, ENA, and MBA before CLKAT: CSB, J. f= 


'su(EN) —_W/RB, and ENB before CLKBT 


tsu(SZ Setup time, SIZO, SIZ1, and BE before CLKBT — ee 


tsu(SW Itsu(sw) _ Setuptime,SWOandSW1beforeCLKBT = time, SWO and SW1 before Itsu(sw) _ Setuptime,SWOandSW1beforeCLKBT = 


t Setup time, ODD/EVEN and PGA before CLKAT; ODD/EVEN ee 4 
su(PG) PGB before CLKBTT 


tsu(RS Setup time, RST low before CLKAT or CLKBTt See: Re: ee (ee ee er 
lu(F'S) Setup time, FSO and FSt before RST high [(~s[ es | 7 | 
th(D Hold time, AO-A35 after CLKAT and BO-B35 after CLKBT te 


' Hold time, CSA, W/RA, ENA, and MBA after CLKAT; CSB, W/RB, 
h(EN) and ENB after CLKBT 


InSZ]___Hold tine, SIZO, SIZ1, and BE afer LKB a 
iySw)__Hold ime, SWO and SW ater CLKE a 


Hold time, ODD/EVEN and PGA after CLKAT; ODD/EVEN and 
PGB after CLKBTT 


'thiRS) __Holdtime, RST low after CLKAT or CLKBT$ RS Hold time, RST low after CLKAT or 'thiRS) __Holdtime, RST low after CLKAT or CLKBT$ 


ies) Hold ime, FSO and FS after AST High eo oe 


Skew time between CLKAT and CLKBT for EFA, EFB and 
tsk18 

FFB 

Skew time between CLKAT and CLKBT for AEA, AEB, AFA, and | 
tsk2S AFB 


T Only applies for a clock edge that does a FIFO read 

+ Requirement to count the clock edge as one of at least four needed to reset a FIFO 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 30 pF (see Figures 4 through 26) 


‘ABT3614-15 | ‘ABT3614-20 | ‘ABT3614-30 
PARAMETER [MIN _MAX| MIN” _MAX| MIN MAX! UNIT 


[a fatons tno, LAT wo AO-Aa and OUKBT OBO |e ol 2 el 2 el mw 
sae Ponemooine Guar wPReacuaTwE[ = ol 2 al af 
feacen Fomoriondieyine cuAtinERRanscuetweERE [= wel ea 


tod(C-AF) Propagation delay time, “GLKAT to AFA and CLKBT to AFB 2 10 2 2 15 


' Propagation delay time, CLKAT to MBF1 low or MBF2 high and , 9 1 12 
pd(C-MF) — CLKBT to MBF2 low or MBF1 high 

Propagation delay time, CLKAT to BO—B35t and CLKBT to 
tod(C-MR) AO—A35t 3 11 3 13 


tod(C-PE)$ Propagation delay time, CLKBT to PEFB 2 11 2 12 
t Propagation delay time, MBA to AO—A35 valid and SIZ1, SIZO to 
pd(M-DV) — B0-B35 valid 
' Propagation delay time, AO-A35 valid to PEFA valid; BO-B35 
pd(D-PE) valid to PEFB valid 


tod(O-PE Propagation delay time, ODD/EVEN to PEFA and PEFB 


Propagation delay time, ODD/EVEN to parity bits (A8, A17, A26, 
A35) and (B8, B17, B26, B35) 


; Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
pd(E-PE) EFA: GSB, ENB, W/RB, SIZ1, SIZO, or PGB to PEFB 


Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
tpd(E-PB)" parity bits (A8, A17, A26, A35); CSB, ENB, W/RB, SIZ1, SIZO, or 
PGB to parity bits (B8, B17, B26, B35) 


tod(R-F Propagation delay time, RST to (MBF1, MBF2) high. 30 


Enable time, CSA and W/RA low to AO—A35 active and CSB low 
and W/RB high to BO—B35 active 


ee Disable time, CSA or W/RA high to A0—A35 at high impedance 
dis and CSB high or W/RB low to BO—B35 at high impedance 


t Writing data to the mail1 register when the BO—B35 outputs are active and SIZ1, SIZO are high. 
+ Writing data to the mail2 register when the AO—A35 outputs are active and MBA is high. 

§ Only applies when a new port-B bus size is implemented by the rising CLKB edge. 

‘| Only applies when reading data from a mail register 





N 
N 
N 





Nh 
NO 
fh 






Nh 






















tod(O-PB)" 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
VS 
CLOCK FREQUENCY 


| CC(f ~ Supply Current -mA 





felock — Clock Frequency — MHz 


Figure 27 


calculating power dissipation 


The Iccif) Current for the graph in Figure 28 was taken while simultaneously reading and writing the FIFO on 
the SN74ACT3614 with CLKA and CLKB set to foigg,-All data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated with the equation below. 


With Icc(f) taken from Figure 28, the maximum power dissipation (Py) of the SN74ABT3614 can be calculated 
by: 


Pr = Voc x Iocy + X(CL x Von? * fo) 


where: 
Ci = output capacitive load 
fo = switching frequency of an output 
VoH = high-level output voltage 


When no reads or writes are occurring on the SN74ABT3614, the power dissipated by a single clock (CLKA or 
CLKB) input running at frequency foigcgk is calculated by: 


Pt = Vcc X flock x 0.29 MA/MHz 
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PARAMETER MEASUREMENT INFORMATION 


5V 
| 1.1kQ 
From Output 
Under Test 
680 Q 30 pF 
(see Note A) 
LOAD CIRCUIT 
3V Se oer ay 
cian 15V Bc 1.5V 15V 
npu 
+ ———— — GND ee eel | | GND 
tsu q¢—_p/¢ or th — tw =e 
Data, | or ey | 3V 
Enable 15V 1.5V Low-Level 15V 1.5V 
Input GND Input ——— — GND 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Re EL 3V 
Output 
Enable 1.5V 1.5V | 
| GND 3 
| Me lige 
—>| — tPLZ > tpZL at : 
Low-Level : | fee ey ee 3V 
Output | , Input 1.5V 1.5V 
| | Tas VOL | | GND 
: | | VOH tod it—> —_> tod 
High-Level Joy 
OH 
Output | | 1.5 V In-Phase 
os ait ———— 80V Output 1.5V , 1.5V 
—P> |} tpxz VOL 
VOLTAGE WAVEFORMS ‘ “VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES PROPAGATION DELAY TIMES 


NOTE A: includes probe and jig capacitance | 
Figure 28. Load Circuit and Voltage Waveforms 
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@ Member of the Texas Instruments @ Microprocessor Interface Control Logic 

Widebus ™ Family @ Programmable Almost-Full/Almost-Empty 
@ Free-Running CLKA and CLKB Can Be Flags 

Asynchronous or Coincident e Fast Access Times of 9 ns With a 50-pF 
® Read and Write Operations Synchronized Load and Simultaneous Switching Data 

to Independent System Clocks Outputs 
@ Two Separate 512 x 18 Clocked FIFOs ®@ Data Rates up to 80 MHz 

Buffering Data in Opposite Directions ® Advanced BICMOS Technology 
e IRA and ORA Synchronized to CLKA @ Available in 80-Pin Quad Flat Package (PH) 
® IRB and ORB Synchronized to CLKB and Space-Saving 80-Pin Thin Quad Flat 

Package (PN) 
PH PACKAGE 
(TOP VIEW) 





Widebus is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA Information fs current as of publication date. Copyright © 1994, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments 
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PN PACKAGE 


(TOP VIEW) 
< faa) 
ran) < Om 
BBS 283 ZEQ98G%09 falls 
clos SS ESOS E3SS = 2 


= 
@ 80797877 ie - 74 = 72 71 70 69 = a e a 64 63 62 61 


AF/AEA [ 1 AF/AEB 
HFA [] 2 HFB 
IRAQ 3) IRB 
GND 1) 4 GND 
AODs BO 
Ai 06 Bt 
Vec Hp 7 Vcc 
A211 8 B2 
A3 B3 
GND GND 
A4 B4 
A5 B5 
GND GND 
AG B6- 
A7 B7 
GND GND 
A8 | B8 
AQ BQ 
Vec VCC 
A10 B10 


21 22 23 es = 26 ef = =e = 2 32 = Ae au 36 a at ake ae 





Lm] aR 
EQNS BES SSEE SEs BoNge 
qetacsSecc sxc cHnaZaaynagn 


description 


A FIFO memory is a storage device that allows data to be read from its array in the same order it is written. The 
SN74ABT7819 is a high-speed, low-power BiCMOS bidirectional clocked FIFO memory. Two independent 
512 x 18 dual-port SRAM FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to 
indicate empty and full conditions, a half-full flag, and a programmable almost-full/almost-empty flag. 


The SN74ABT7819 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple bidirectional interface between 
microprocessors and/or buses with synchronous control. 


The state of the AO—A17 outputs is controlled by CSA and W/RA. When both CSA and W/RA are low, the outputs 
are active. The AO—A17 outputs are in the high-impedance state when either CSA or W/RA is high. Data is 
written to FIFOA—B from port A on the low-to-high transition of CLKA when CSA is low, W/RA is high, WENA 
is high, and the IRA flag is high. Data is read from FIFOB—A to the AO—A17 outputs on the low-to-high transition 
of CLKA when CSA is low, W/RA is low, RENA is high, and the ORA flag is high. 
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The state of the BO-B17 outputs is controlled by CSB and W/RB. When both CSB and W/RB are low, the outputs 
are active. The BO—B17 outputs are in the high-impedance state when either CSB or W/RB is high. Data is 
written to FIFOB—A from port B on the low-to-high transition of CLKB when CSB is low, W/RB is high, WENB 
is high, and the IRB flag is high. Data is read from FIFOA-—B to the BO—B17 outputs on the low-to-high transition 
of CLKB when CSB is low, W/RB is low, RENB is high, and the ORB flag is high. 


The setup and hold-time constraints for the chip selects (CSA, CSB) and write/read selects (W/RA, W/RB) are 
for enabling write and read operations on memory and are not related to the high-impedance control of the data 
outputs. If a port’s read enable (RENA or RENB) and write enable (WENA or WENB) are set low during a clock 
cycle, the chip select and write/read select can switch at any time during the cycle to change the state of the 
data outputs. 


The input-ready and output-ready flags of a FIFO are two-stage synchronized to the port clocks for use as 
reliable control signals. CLKA synchronizes the status of the input-ready flag of FIFOA-—B (IRA) and the 
output-ready flag of FIFOB—A (ORA). CLKB synchronizes the status of the input-ready flag of FIFOB—A (IRB) 
and the output-ready flag of FIFOA-—B (ORB). When the input-ready flag of a port is low, the FIFO receiving input 
from the port is full and writes are disabled to its array. When the output-ready flag of a port is low, the FIFO that 
outputs data to the port is empty and reads from its memory are disabled. The first word loaded to an empty 
memory is sent to the FIFO output register at the same time its output-ready flag is asserted (high). When the 
memory is read empty and the output-ready flag is forced low, the last valid data remains on the FIFO outputs 
until the output-ready flag is asserted (high) again. In this way, a high on the output-ready flag indicates new 
data is present on the FIFO outputs. | 


The SN74ABT7819 is characterized for operation from 0°C to 70°C. 
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logic symbolt 
76 
CLKA 
___ 80 
CSA BS 
79 
WIRA : 
be 
77 
ira: iad nel 
* 
iS 
75 
RENA 
_ 1 a 
RSTA — 
PENA S 
5 
IRA 
74 
ORA 
4 
HFA 
3 
AF/AEA 
7 
AO 
8 
At 
10 
A2 
11 
A3 
13 
A4 
14 
A5 
16 
AG 
17 
AT 
19 
A8 
20 
AQ 
22 
A10 
23 
A11 
25 
A12 
26 
A13 
28 
Ai4 
29 
Ais — 
31 
A16 
32 
AI7 


@ 
FIFO 512 x 18x 2 
SN74ABT7819 


WRITE 


_ WRITE 
ENABLE 
FIFOB-A 


ENABLE 
FIFOA-B 


READ 
ENABLE 
FIFOB-A 


READ 
ENABLE 
FIFOA-B 





RESET FIFO A-B 


PROGRAM ENABLE 
FIFO A-B 


INPUT-READY 

PORT A 
OUTPUT-READY 
PORTA 

HALF-FULL 

FIFOA-B 
ALMOST-FULL/EMPTY 
FIFOA-B 


RESET FIFO B-A 


PROGRAM ENABLE 
_ FIFO B-A 


INPUT-READY 
PORT B 
OUTPUT-READY 
PORT B 

HALF-FULL 

FIFOB-A 
ALMOST-FULL/EMPTY 
FIFOB-A 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the PH package. 
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37 
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ORB 
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functional block diagram 


























PENA 
RENA 
WENA Port-A 
CSA Control 
W/RA Logic 
CLKA Bi 
RSTA ointer 
A 512 x 18 
Dual-Port SRAM | Register | 
| Register FIFOB_-A Register 
18 a3 
Write 
foe ee ee 
ian (a Tn ne 
ORA Logic ty aF/AEB 
PIFOH A: becee 2 cou lm ee ae 
A0-A17 eer 
mee. Tf. |. ~~«YSséFlag 
Logi 
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ORB 
FIFOA-—B 
Write , 
| Pointer 
512x 18 
Register }-—>-4 Dual-Port SRAM Register , be. 
FIFOA-B ; 1 
Read 
Pointer 
Port-B CSB 


Control W/RB 
Logic WENB 
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enable wae diagram (positive logic) 
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CSA 
W/RA WEN 
WENA FIFOA-—B 
A0—A17 (output enable) 
RENA REN FIFOB-A 
CSB 
WEN FIFOB-A W/RB 
WENB 
BO-B17 (output enable) 
REN FIFOA-B RENB 


4 


FUNCTION TABLES 


SELECT INPUTS 
— — A0—A17 PORT-A OPERATION 
CLKA CSA W/RA WENA RENA 


High Z None 
High Z Write AO—A17 to FIFOA—B 
Active Read FIFOB—A to AQ—A17 


- SELECT INPUTS : 
—e = BO-—B17 PORT-B OPERATION 
CLKB CSB W/RB WENB~ RENB | 3 
X X X X i 


None 
Write BO -B17 to FIFOB-A 
Read FIFOA-B to BO—B17 
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Terminal Functions 


[PIN NAME | 10 DESCRIPTION 
AO-A17 Port-A data. The 18-bit bidirectional data port for side A. 











FIFOA-—B almost-full/almost-empty flag. Depth offsets can be programmed for AF/AEA or the default value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEA is high when X or less words or 
(512 — Y) or more words are stored in FIFOA—B. AF/AEA is forced high when FIFOA~B is reset. 


FIFOB—A almost-full/almost-empty flag. Depth offsets can be programmed for AF/AEB or the default value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEB is high when X or less words or 
(512 — Y) or more words are stored in FIFOB —A. AF/AEB is forced high when FIFOB —A is reset. 










BO-B17 Port-B data. The 18-bit bidirectional data port for side B. 


CLKA 





Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A to its low-to-high transition 
and can be asynchronous or coincident to CLKB. 


Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B to its low-to-high transition 
and can be asynchronous or coincident to CLKA. 


Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to either write data from AO-—A17 to 
FIFOA—B or read data from FIFOB—A to AO—A17. The AO—A17 outputs are in the high-impedance state when CSA is 
high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to either write data from BO—B17 to 
FIFOB—A or read data from FIFOA-—B to BO—B17. The BO—B17 outputs are in the high-impedance state when CSB is 
high. 

FIFOA—B half-full flag. HFA is high when FIFOA-—B contains 256 or more words and is low when FIFOA-—B contains 255 
or less words. HFA is set low after FIFOA-B is reset. 


FIFOB —A half-full flag. HFB is high when FIFOB—A contains 256 or more words and is low when FIFOB— A contains 255 
or less words. HFB is set low after FIFOB —A is reset. 


Port-A input-ready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA is low, FIFOA—B is full and 
writes to its array are disabled. IRA is set low during a FIFOA—B reset and is set high on the second low-to-high transition 
of CLKA after reset. . 


Port-B input-ready flag. IRB is synchronized to the low-to-high transition of CLKB. When IRB is low, FIFOB—A is full and 
writes to its array are disabled. IRB is set low during a FIFOB —A reset and is set high on the second low-to-high transition 
of CLKB after reset. 


Port-A output-ready flag. ORA is synchronized to the low-to-high transition of CLKA. When ORA is low, FIFOB—A is empty 
and reads from its array are disabled. The last valid word remains on the FIFOB-—A outputs when ORA is low. Ready data 
is present for the AQ—A17 outputs when ORA is high. ORA is set low during a FIFOB—A reset and goes high on the third 
low-to-high transition of CLKA after the first word is loaded to an empty FIFOB —A. 


Port-B output-ready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORB is low, FIFOA—B is empty 
and reads from its array are disabled. The last valid word remains on the FIFOA—B outputs when ORB is low. Ready data 
is present for the BO-B17 outputs when ORB is high. ORB is set low during a FIFOA—B reset and goes high on the third 
low-to-high transition of CLKB after the first word is loaded to an empty FIFOA-B. 


AF/AEA program enable. After FIFOA—B is reset and before a word is written to its array, the binary value on AO—A7 is 
latched as an AF/AEA offset when PENA is low and CLKA is high. 
AF/AEB program enable. After FIFOB —A is reset and before a word is written to its array, the binary value on BO—-B7 is 
latched as an AF/AEB offset when PENB is low and CLKB is high. 
Port-A read enable. A high level on RENA enables data to be read from FIFOB-—A on the low-to-high transition of CLKA 
when CSA is low, W/RA is low, and ORA is high. | 
Port-B read enable. A high level on RENB enables data to be read from FIFOA-B on the low-to-high transition of CLKB 
when CSB is low, W/RB is low, and ORB is high. 


FIFOA-—B reset. To reset FIFOA—B, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must 
occur while RSTA is low. This sets HFA low, IRA low, ORB low, and AF/AEA high. 






























FIFOB —A reset. To reset FIFOB —A, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must 
occur while RSTB is low. This sets HFB low, IRB low, ORA low, and AF/AEB high. 


Port-A write enable. A high level on WENA enables data on AO—A17 to be written into FIFOA—B on the low-to-high 
transition of CLKA when W/RA is high, CSA is low, and IRA is high. 
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| Terminal Functions (Continued) 
[PINNAME | 1/0 _ — | DESCRIPTION | | 
WENB Port-B write enable. A high level on WENB enables data on BO—B17 to be written into FIFOB — - on the ewoniah| 
transition of CLKB when W/RB is high, CSB is low, and IRB is high. | 


Port-A write/read select. A high on W/RA enables AO—A17 data to be written to FIFOA-—B on a low-to-high transition of 
W/RA CLKA when WENA is high, CSA is low, and IRA is high. A low on W/RA enables data to be read from FIFOB—A ona 


low-to-high transition of CLKA when RENA is high, CSA is low, and ORA is high. The AO—A17 ae are in the 
high- impedance state when W/RA is high. | 
Port-B write/read select. A high on W/RB enables BO—B17 data to be written to FIFOB—A on a low-to-high transition of 
WB CLKB when WENB is high, CSB is low, and IRB is high. A low on W/RB enables data to be read from FIFOA—B ona 
low-to-high transition of CLKB when RENB is high, CSB is low, and ORB is high. The BO—B17 outputs are in the 
high-impedance state when W/RB is high. 





CLKA . 1 2 3 4 1 2 
CLKB 1 | 2 3 4 


RSTA | 








AF/AEA 


Figure 1. Reset Cycle for FIFOA—Bt 


tT FIFOB —A is reset in the same manner. 
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Tt Written to FIFOB—A 


Figure 3. Write Timing — Port B 
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| | 


| 1 
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W/RB \ | | 
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BO-—B17 W1 From FIFOA-B 


Figure 4. ORB-Flag Timing and First Data Word Fallthrough When FIFOA-B Is Emptyt 


tT Operation of FIFOB-—A is identical to that of FIFOA-B. 
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Figure 5. Write-Cycle and IRA-Flag Timing When FIFOA-B Is Fullt 


tT Operation of FIFOB—A is identical to that of FIFOA—B. 
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T Read from FIFOB-A , | 
Figure 6. Read Timing — Port A 
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T Read from FIFOA-B 
. Figure 7. Read Timing — Port B 





v3 TEXAS 
INSTRUMENTS 


— '144 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


| 


G9ZSZ SVX3AL ‘SVTIVC @ C0ESS9 XOE FOISAO LSOd 


SvL-S 


I 


SVXAL gh 


SLINANNUYISN 


WENA ! ! ! | 
| | | | 


IRA | | | | 


| | | | 
e XO Se x Cen COCOOR ‘ OOes 
EET PP Be z 
} WX41 KD WX42 C1 W257 KX 4ws12-vE XX w513-7 (xX 0.0009, 00,0, 
wa eo: ME Y's ME oS CXL PRSERER ER ERK 
| | | 
| 


Sn er ee ees (ee 





| | 
soe . Xe wee Xe Ge Lae 
| | 


AF/AEA | | 


NOTES: CSA, CSB = 0, W/RA = 1, WRB =0 
X is the almost-empty offset and Y is the almost-full offset for AF/AEA. 
HFB and AF/AEB function in the same manner for FIFO B—A. 


Figure 8. FIFOA — B (HFA, AF/AEA) Asynchronous Flag Timing 
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offset values for AF/AE 


The almost-full/almost-empty flag of each FIFO has two programmable limits: the almost-empty offset value (X) 
and the almost-full offset value (Y). They can be programmed from the input of the FIFO after it is reset and 
before a word is written to its memory. An AF/AE flag is high when its FIFO contains X or less words or (512 — Y) 
or more words. | 


To program the offset values for AF/AEA, PENA is brought low after FIFOA-—B is reset and only when CLKA is 
low. On the following low-to-high transition of CLKA, the binary value on AO—A7 is stored as the almost-empty 
offset value (X) and the almost-full offset value (Y). Holding PENA low for another low-to-high transition of CLKA 
reprograms Y to the binary value on AO—A7 at the time of the second CLKA low-to-high transition. 





During the first two CLKA cycles used for offset programming, PENA can be brought high only when CLKA is 
low. PENA can be brought high at any time after the second CLKA pulse used for offset programming returns 
low. A maximum value of 255 can be programmed for either X or Y (see Figure 9). To use the default values 
of X = Y = 128, PENA must be tied high. No data is stored in FIFOA—B while the AF/AEA offsets are 
programmed. The AF/AEB flag is programmed in the same manner with PENB enabling CLKB to program the 
offset values taken from BO-B7. | 


RESET / 
IRA | / 


8 LLL 











® SXXELEELGGAA__DGSG: ALLA 


ROSS OSOSOSOSOSOOOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOOOSIOS : : TW 
ORO QP PRD RD DSSS? OOOO | RRR LLL 


A0-A7 CSS SSNS 
$555.55 5955555 





SRS 


Figure 9. Programming X and Y Separately for AF/AEA 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage tangeV ce awescscet cashew aie cdkey Ga sealteeet -~0.5Vto7V 
Input voltage range, V; (see Note 1)... ee ec ee ec e teeece nee neas -0.5 V to Veg + 0.5 V 
Voltage range applied to any output in the high state or power-off state, Vo «....... eee. -0.5V to 5.5 V 
Currentinto-any ‘oulput in the: low Stale. I6- ws nceasseds eyhameveae nated vines e eo deewenatenes 48 mA 
INDUL Clap Curent lic(ViO): wpaktc etka keen Caet aw at Sieeede renee eas anaieaeanters -18 mA 
Outoutclamip-curent:lemiV or 0) cee einiteebeueeeekeeows otal eee dees eateries —50 mA 
Operating free-air temperature range, Ta 2.6... cece ccc cece enn eee eee eee eens 0°C to 70°C 
DiOrage TeMPeralure TANS: 2 iinet Oi andren phe hww cae eae eee beer eas Noah ae eas —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 


recommended operating conditions 


[vit _Lowlevelinputvotage——SSCSCSC~“SC~“~“S*“‘“‘“*~*“<~SCSC*~*é~sSSSSSSCSC‘ BY 
ron High-level oupitourent SSCS me] 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 










Voc = 4.5 V, l}=-18 mA 


Voc = 4.5 V, IOH =-3 mA 
VOH ; loH=-3 mA 
pon te lIOH=-12mA 
ae 


Vec=5.5V, Viz Voc or GND 
liozns Voo=55V, Vo=27V 


Voo=55V, Vo-05VSOS™S™CSOCSOS SSCS BOA 
Voc =5.5V, Io=9, Vi=VccorGND | Outputs low 

Outputs disabled 

fo; [Gontolinpsts [Vim25verasv OC™C~SCSCSCSY 

oy 

Gi 


t All typical values are at Voc = 5 V, Ta = 25°C. 
§ The parameters IOZH and Ioz|_ include the input leakage current. 
Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 


noted) (see Figures 1 through 8) 
flock __Clock frequency CT) 2 | Xd 
tw ___Pulseduration [CLKA,CLKBhighoriow | 46 | 6 [| 8 | 1 (| re 


AO—A17 before CLKAT and 
BO—B17 before CLKBT 











CSA before CLKAT and CSB 
before CLKBT 


W/RA before CLKAT and p68 







W/RB before CLKBT 


WENA before CLKAT and 
WENB before CLKBT 

















tsy Setup time 





RENA before CLKAT and 
RENB before CLKBT 


PENA before CLKAT and 







PENB before CLKBT 


RSTA or RSTB low before first 3 
CLKAT and CLKBT T 
AO—A17 after CLKAT and 


BO-B17 after CLKBT 


CSA after CLKAT and CSB 
after CLKBT 


W/RA after CLKAT and W/RB 
after CLKBT 


WENA after CLKAT and | ae 














Hold time 








WENB after CLKBT 


RENA after CLKAT and RENB 
after CLKBT 


PENA after CLKA low and 
PENB after CLKB low 


RSTA or RSTB low after fourth 4 4 
CLKAT and CLKBT tT 


T To permit the clock pulse to be utilized for reset purposes 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 50 pF (unless otherwise noted) (see Figures 10 and 12) 


Raa FROM TO ‘ABT7819-12 ‘ABT7819-15 | ‘ABT7819-20 | ‘ABT7819-30 | 
(INPUT) (OUTPUT) | MIN TYPt MAX| MIN] MAX| MIN MAX| MIN” MAX | 




















cikAorcuKB | 50 
cLKAT | A-AI? 
cuKe a4 

- ZN A A 
bd a 
CLKAT ii 
cuket [maf of «wl «wa 1 
CLKAt CO 
CLKBT a5 a] 35 14 
CLKAT 8 wpe |e 20 

AF/AEA 
cLKBT 

Pu RSTA_| _AFAEA | 2 rs ee) 

cLKAT 

AF/AEB 
cuKBT @ 20 
, ASTE AFIREB 
jn ECE @ 20 
cuKet ef 820 

tPHL — HFA 
RSTA 
cua’ [| ara e SC] ef te] ea 
Sal CTS ns 2 Od) 

STS 
CSA 2.5 9] 25 10, 25 11 
= AO-A17 
W/RA 2.5 8{ 25 9f 25 10/ 25 11 
CSB 2.5 s| 25 9| 25 10, 25 11 
= BO-B17 
Wir 25 10[ 251 
CSA 2.5 8 25 10] 25 11 
= AO-A17 
WiFi 250] 25 7 
= BO-B17 
Wir 25 af 25 9 





T All typical values are at Vcc = 5 V, Ta = 25°C. 
+ This parameter is measured with a 30-pF load (see Figure 10). 
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TYPICAL CHARACTERISTICS 
PROPAGATION DELAY TIME 


VS 
LOAD CAPACITANCE 


Voc =5V 
Ta = 25°C 
Rx = 500 


tpd — Propagation Delay Time — ns 





0 50 100 150 200 250 300 
C. — Load Capacitance — pF 


Figure 10 


SUPPLY CURRENT 
Vs 
CLOCK FREQUENCY 


loc(f- Supply Current — mA 





20 
10 15 20 25 30 35 40 45 50 55 60 65 70 


felock — Clock Frequency — MHz 


Figure 11 
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TYPICAL CHARACTERISTICS 


calculating power dissipation 


With loc f) taken from Figure 11, the maximum power dissipation (Py) based on all outputs changing states on 
each read can be calculated using: 


Pr = Voc x loci + Z(CL x Von? * fo) 








where: 
loc(f) = Maximum Icc per clock frequency 
Ci = output capacitive load 
fo = data output frequency 
Vow =_ high-level output voltage 
PARAMETER MEASUREMENT INFORMATION 
Input 
7V ! 
S41 b Ry = R1 = R2 | | | 
tpzL —>| haa —>| - tPLZ 
R1 Output | =3.5V 
From Output Test | 
Under Test Point | VoL 
CL R2 
VOH 
= Output =OV 
LOAD CIRCUIT VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES 









500 Q 50 pF 
iPLZ id 
500.0 | 50 pF 


t Includes probe and test-fixture capacitance 





Figure 12. Load Circuit and Voltage Waveforms 
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© Member of the Texas Instruments @ Programmable Almost-Full/Almost-Empty 
Widebus ™ Family Flags 
@ Independent Asynchronous Inputs and ® Empty, Full, and Half-Full Flags 
Outputs © Fast Access Times of 12 ns With a 50-pF 
® Produced in Advanced BiCMOS Load and Simultaneous Switching Data 
Technology Outputs 
@ Two Separate 512 x 18 FIFOs Buffering ® Supports Clock Rates up to 67 MHz 
Data in Opposite Directions ® Available in 80-Pin Quad Flat Package (PH) 
and Space-Saving 80-Pin Thin Quad Flat 
Package (PN) 
PH PACKAGE 
(TOP VIEW) 


25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 
rl mgm 





Widebus is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA Information Is current as of publication date. 

Products conform to specifications per the terms of Texas Instruments i 

standard warranty. Production processing does not necessarily Include TEXAS 


testing of all parameters. 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5-153 


Copyright © 1992, Texas Instruments Incorporated 


ta 


_ SN74ABT7820 | 
512 x 18 x 2 FIRST-IN, FIRST-OUT MEMORY 
SCAS206A —- AUGUST 1991 - REVISED ACEH 1992 


PN PACKAGE 
(TOP VIEW) 


Led Lemond a bs —_— 
© 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 


AF/AEA U1 1 AF/AEB 
HFA [1 2 HFB 
FULLA 1] 3 FULLB 
GND [1] 4 GND 
AO 1] 5 Bo 
Ait] 6 Bt 
Voc H 7 Vcc 
A2 1] 8 B2 
A311 9 B3 
GND 0 10 GND 
A4U 11 B4 
A5 U 42 B5 
GND [1] 13 GND 
A614 B6 
A7 1 15 B7 
GND [J 16 GND 
A8 [) 17 B8 
AQ [J 18 BO 
Voc # 19 Voc 

A10 [) 20 


B10 
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 





=_—e 
-~ QANM OroNoagenrheooaowrvr ornvor 
<BrtcSecgzgccnaganansnanga 


description 


A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ABT7820 is arranged as two 512 by 18-bit FIFOs for high speed and fast access times. 
It processes data at rates from 0 to 67 MHz with access times of 12 ns in a bit-parallel format. 


The SN74ABT7820 consists of bus transceiver circuits, two 512 x 18 FIFOs, and control circuitry arranged for 
multiplexed transmission of data directly from the data bus or from the internal FIFO memories. Enable inputs 
GAB and GBA control the transceiver functions. The SAB and SBA control inputs select whether real-time or 
stored data is transferred. The circuitry used for select control eliminates the typical decoding glitch that occurs 
in a multiplexer during the transition between stored and real-time data. Figure 1 illustrates the eight 
fundamental bus-management functions that can be performed with the SN74ABT 7820. 


The SN74ABT7820 is characterized for operation from 0°C to 70°C. 
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Terminal Functions 


TERMINAL ;} 1/0 DESCRIPTION 


FIFO A almost-full/almost-empty flag. Depth offset values can be programmed for AF/AEA or the default value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEA is high when FIFO A contains X or 
less words or (512 — Y) or more words. AF/AEA is set high after FIFO A is reset. | 






















FIFO B almost-full/almost-empty flag. Depth offset values can be programmed for AF/AEB or the default value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEB is high when FIFO B contains 
X or less words or (512 — Y) or more words. AF/AEB is set high after FIFO B is reset. 





FIFO A empty flag. EMPTYA is low when FIFO A is empty and high when FIFO A is not empty. EMPTYA is set low after 
FIFO A is reset. | 


— FIFO B empty flag. EMPTYB is low when FIFO B is empty and high when FIFO B is not empty. EMPTYB is set low after 
aida FIFO B is reset 


ace 
FULLA | O_ | FIFOA fullflag. FULLA is low when FIFO Ais full and high when FIFO A is not full. FULLA is set high after FIFO A is reset. 
FULLB iO. | FIFO B full flag. FULLB is low when FIFO B is full and high when FIFO B is not full. FULLB is set high after FIFO B is reset. 


Port-B output enable. BO—B17 outputs are active when GAB is high and in the high-impedance state when GAB is low. 


| GBA | 1 | Port-A output enable. AOQ—A17 outputs are active when GBA is high and in the high-impedance state when GBA is low. 


FIFO A half-full flag. HFA is high when FIFO A contains 256 or more words and is low when FIFO A contains 255 or less 
HFA 
words. HFA is set low after FIFO A is reset. 


FIFO B half-full flag. HFB is high when FIFO B contains 256 or more words and is low when FIFO B contains 255 or less 
HFB 
words. HFB is set low after FIFO B is reset. 
LDCKA FIFO A load clock. Data is written into FIFO A on a low-to-high transition of LDCKA when FULLA is high. The first word 
written into an empty FIFO A is sent directly to the FIFO A data outputs. | 
LDCKB FIFO B load clock. Data is written into FIFO B on a low-to-high transition of LDCKB when FULLB is high. The first word 
written into an empty FIFO B is sent directly to the FIFO B data outputs. 
PENA FIFO A program enable. After reset and before a word is written into FIFO A, the binary value on A0-A7 is latched as 
an AF/AEA offset value when PENA is low and LDCKA is high. 
PENB FIFO B program enable. After reset and before a word is written into FIFO B, the binary value on BO-B7 is latched as 
an AF/AEB offset value when PENB is low and LDCKB is high. 
RSTA FIFO A reset. A low level on RSTA resets FIFO A forcing EMPTYA low, HFA low, FULLA high, and AF/AEA high. 
RSTB FIFO B reset. A low level on RSTB resets FIFO B forcing EMPTYB low, HFB low, FULLB high, and AF/AEB high. 


ry Port-B read select. SAB selects the source of BO-B17 read data. A low level selects real-time data from AO-A17. A high 
UNGKA |_| _| 
























Port-A read select. SBA selects the source of AO—A17 read data. A low level selects real-time data from BO - B17. A high 
level selects the FIFO B output. 


FIFO A unload clock. Data is read from FIFO A on a low-to-high transition of UNCKA when EMPTYA is high. 


level selects the FIFO A output. 
UNCKB FIFO B unload clock. Data is read from FIFO B on a low-to-high transition of UNCKB when EMPTYB is high. 
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logic symbolt 


SAB 
SBA 


GAB 


GBA 
RSTA 
PENA 

LDCKA 

UNCKA 

FULLA 


EMPTYA 


AF/AEA 
HFA 


AO 
At 
A2 
A3 
A4 
AS 
AG 
A7 
A8 
AQ 

A10 

Att 

Ai2 

A13 

A14 

A15 

A16 

A17 


66 


79° 


65 
80 


10 


11 
- 13 


14 
16 
17 
19 
20 
22 
23 
25 
26 
28 
29 
31 
32 


— REVISED AUGUST 1992 


® 
FIFO. 
512x 18x 2 
MODE SN74ABT7820 


0 


| RESET A RESET B -- 






>] PROG ENA PROG ENB 


<| FULLA FULLB FP 


<1] EMPTYA EMPTYB F 


ALMOST FULL/ ALMOST FULL/ 
ALMOST EMPTY A ALMOST EMPTY B 


HALF-FULLA HALF-FULL B 





Tt This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


Pin numbers shown are for the PH package. 
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63 
68 
76 


75 
62 


61 


58 
57 
55 


54 


52 
51 
49 
48 
46 
45 
43 
42 
40 
39 
37 
36 
34 
33 


RSTB 
PENB 
LDCKB 
UNCKB 
FULLB 
EMPTYB 
AF/AEB 


HFB 


BO 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
BO 
B10 
B11 
B12 
B13 
B14 
B15 
B16 
B17 
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logic diagram (positive logic) 










SAB 
SBA 
@ 
HFB FIFO B RSTB 
512 x 18 
AF/AEB PENB 
EMPTYB FULLB 
UNCKB LDCKB 
GBA BO 
GAB 
RSTA HFA 
PENA AF/AEA 
FULLA EMPTYA 
LDCKA UNCKA 
AO 


To Other Channels 
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SAB SBA GAB GBA 
L X H L 


FIFO B 
Out In . 


SAB SBA GAB GBA 
X L L H 


FIFO B 
Out In 


SAB SBA GAB 
H X H 


SAB SBA GAB GBA 
X H L H 


SAB SBA GAB GBA 
X X L L 


SAB SBA GAB GBA 
H L H H 


SAB SBA GAB GBA 
L H H H 


SAB SBA GAB GBA 
H H H H 





Figure 1. Bus-Management Functions 
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SELECT-MODE CONTROL TABLE 


rsea_ sas] asus SC BUS 


OUTPUT-ENABLE CONTROL TABLE 


[apa Gas[ AUS | —SsBBUS 
H L A bus enabled 
CA 
HH 
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091-S 


S9ZSZ SVXAL ‘SVTIVG @ S0ESS9 XO 3OI44O LSOd 


I 


SVXAL gh 


SLNAWNYLSN 


timing diagram for FIFO At 


RSTA | | 


‘PENA : 


LDCKA af LAL Lf Lf 1_____ 




















































= OS KN Oe OPP : CO DOPOD PIS 22 
AO AIT ON Bed Re ME Sess esatsssestate owns eee rateseseteteiectatatetetanatettet 












fii, | Po Ly Pl fy 


QO -QI17 


EMPTYA 


FULLA 


HFA 


AF/AEA 


Y Full Full —Y Half-Full Empty + X Empty 


Set X = Y = 128 Empty +X _ Half-Full Ful 


T SAB = GAB =H, GBA=L 


Operation of FIFO B is identical to that of FIFO A. 
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offset values for AF/AE 


The almost-full/almost-empty flag of each FIFO has two programmable limits: the almost-empty offset value (X) 
and the almost-full offset value (Y). The offsets of a flag can be programmed from the input of its FIFO after it 
is reset and before any data is written to its memory. An AF/AE flag is high when its FIFO contains X or less words 
or (512 — Y) or more words. 


To program the offset values for AF/AEA, PENA can be brought low after FIFO A is reset and only when LDCKA 
is low. On the following low-to-high transition of LDCKA, the binary value on AO—A7 is stored as the 
almost-empty offset value (X) and the almost-full offset value (Y). Holding PENA low for another low-to-high 
transition of LDCKA reprograms Y to the binary value on AO—A7 at the time of the second LDCKA low-to-high 
transition. 


PENA can be brought back high only when LDCKA is low during the first two LDCKA cycles. PENA can be 
brought high at any time after the second LDCKA pulse returns low. A maximum value of 255 can be 
programmed for either X or Y (See Figure 2). To use the default values of X = Y = 128 for AF/AEA, PENA must 
be tied high. No data is stored in the FIFO when its AF/AE offsets are programmed. The AF/AEB flag is 
programmed in the same manner. PENB enables LDCKB to program the AF/AEB offset values taken from 
BO-B7. : 


RSTA \ / | 
LDCKA Jae ™ y. N / \ 

















CAVA LA, AV, JAVA AJA A ,(“QY0 
ORK ON 
SRR RRRRRRRY 


EMPTYA IQ / 


Figure 2. Programming X and Y Separately for AF/AEA 


A0-A17 


o, 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)T 


Supply voltage range, Vcc ........ Waianae eee Mende atin kote typed aren re eee ent -O0.5Vto7V 
Input voltage range, V; (See Note 1) 1... cee eee cece eee tenn en ee neeeee —0.5 V to Voc + 0.5 V 
Voltage range applied to any output in the high state or power-off state, Vo «............. -O5VtO5.5V 
Current into any output in the low state, IQ)... cece cece cee eee ence e eee ete e een eenanees 48 mA 
Input: clamp:currents||iK(Vij< 0): sintacraoaceuvenedanGuaeiwet coe ewSeecendian eee deeeeawes -18mA 
Output-clamp- current, |GK{Veq< 0) catcemsewi vem aliencadibdeonu aes tubes sts caceiseeienenes —50 mA 
Operating free-air temperature range, Ta... 1 ee eee eee eee eee eee eens 0°C to 70°C 
Storage temperature range ....... 6. eee ee eee eee Pett ee ow eoaw ale —65°C to 150°C 


tT Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 


recommended operating conditions 


[Vix _Lowlevelinputvotage SSCS 


electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 


PARAMETER Oe TEST CONDITIONS 


lIOH=-3mA 













| 
6 












MIN TYPE MAX 
~12 











VOH Voc =5V, lOH=-3MA_ 









Voc = 4.5 V, IOH =- 12 mA 


N 
Nm fo]o 


i *(vog = 85, Vi=VogerGND SSCS 
Icc Vi = Voc or GND 


¥ All typical values are at Vcc = 5 V, Ta = 25°C. 
§ The parameters |O7H and !oz\ include the input leakage current. . 
‘| Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
note 

















LDCKA, LDCKB high i —_|-9—} 4 4 —— 
LDCKA, LDCKB low ee aaa ares Fe ee ee 
Pulse 
, UNCKA, UNCKB high a a ee ee 
duration 
UNCKA, UNCKB low = ae ee ee eee ee eee 
RSTA, RSTB low a ae ae ee 
AO—A17 before LDCKAT and 3 
BO-B17 before LDCKBT 





PENA before LDCKAT and P g P P 
Setup time PENB before LDCKBT 
LDCKA inactive before RSTA high | 
and LDCKB inactive before RSTB 3 3 4 4 
high 
AO—A17 after LDCKAT and 
BO-B17 after LDCKBT 
PENA after LDCKA low and ; 
LDCKA inactive after RSTA high and 3 3 4 4 
LDCKB inactive after RSTB high 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C, = 50 pF ssc otherwise noted) (see Figure 5) 


SNA METER FROM ‘ACT7820-15 ‘ACT7820-20 | ’ACT7820-25 | ‘ACT7820-30 
(INPUT) (ourPun) MIN TYPt MAX| MIN MAX| MIN MAX] MIN MAX 
BGK, UNCK ed ae oe 


LDCKAT, 
LDCKBT 












UNCKAT, 
UNCKBT 

ct UNCKAT, 

pd UNCKBT 

LDCKAT, 

PLH LDCKBT EMPTYA, 
; UNCKAT, EMPTYB 
PHL NOs 

RSTA low, EMPTYA, 
LDCKAT, 


UNCKAT, 
' UNCKBT 
PLH RSTA lo 
RSTB low 
lo 










A low, 

LDCKAT, 
LDCKBT AFIAEA, 
UNCKAT, AF/AEB 
UNCKBT 

RSTA low, AF/AEA, 

PLH RSTB low AF/AEB 
LDCKAT, 


ONGKA, UNCKE 
t HFA, HFB 








T All typical values are at5 V, Ta = 25°C. 
+ This parameter is measured with a 30-pF load (see Figure 3). 
§ These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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tpd — Propagation Delay Time — ns 


Icc(p - Supply Current —-mA 





SN74ABT7820 
512 x 18 x 2 FIRST-IN, FIRST-OUT MEMORY 


SCAS206A - AUGUST 1991 - REVISED AUGUST 1992 
TYPICAL CHARACTERISTICS 
PROPAGATION DELAY TIME 


VS 
LOAD CAPACITANCE 


Ta = 25°C 
Ri = 500 Q 


0 50 100 150 200 250 300 
C. — Load Capacitance — pF 


Figure 3 
SUPPLY CURRENT 


VS 
CLOCK FREQUENCY 


160 
Sree | | | |veoesey 
Ch - 0 pF Voc 55V | 

140 
Zz 
Lope 





10 15 20 25 30 35 40 45 50 55 60 65 70 
felock — Clock Frequency — MHz 


Figure 4 
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TYPICAL CHARACTERISTICS 


calculating power dissipation 


With Icc(f) taken from Figure 4, the maximum power dissipation (P+) based on all outputs changing states on 
each read can be calculated using: 


Pr = Voc Ico) + Z(CL x Veo? * fo) 











where: 
lcc(f) = maximum Icc per clock frequency 
C, = output capacitive load 
fo = data output frequency » 
PARAMETER MEASUREMENT INFORMATION 
Input 
7V | 
b Ri = R1 = R2 | | | | 
S1 — tpzL—>| laa —>| - tpLz 
R1 Output ! =3.5V 
From Output Test | 
Under Test Point | VOL 
CL R2 
VOH 
= Output =0V 
VOLTAGE WAVEFORMS 
LOAD CIRCUIT ENABLE AND DISABLE TIMES 


PARAMETER | R1,R2 | C.t 
| ten PEL soo | sone 
ose 





T Includes probe and test-fixture capacitance 


Figure 5. Load Circuit and Voltage Waveforms 
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Dual Independent FIFOs Organized as: 
64 Words by 1 Bit Each —- SN74ACT2226 
256 Words by 1 Bit Each — SN74ACT2228 
Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident on Each 
FIFO 
Input-Ready Flags Synchronized to Write 
Clocks 


Output-Ready Flags Synchronized to Read 
Clocks 


SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 


CLOCKED FIRST-IN, FIRST-OUT MEMORIES 


SCAS219A — JUNE 1992 — REVISED AUGUST 1993 






DW PACKAGE 
(TOP VIEW) 









1HF [1 241] 1RDCLK 
1AF/AE {2 23] 1RDEN 
1WRTCLK {3 221}10R 
1WRTEN [4 211}1Q 
41R 5 201] 2RESET 
1D [6 191 Vcc 
GND {]7 181} 2D 
1RESET []8 171} 21R 








@ Half-Full and Almost-Full/Almost-Empty 2Q 49 = 16 | J2WRTEN 
Flags 20R [10 ~—- 15 J2WRTCLK 
@ Support Clock Frequencies up to 22 MHz 2RDEN 11 14] 2AF/AE 
2RDCLK [12 13] QHF 


@ Characterized for Operation Over the 
Industrial Temperature Range 
(-—40°C to 85°C) 
®@ Access Times of 20 ns 
® Low-Power Advanced CMOS Technology 
® Available in 24-Pin SOIC (DW) Package 


description 


The SN74ACT2226 and SN74ACT2228 are dual FIFOs suited for a wide range of serial data buffering 
applications including elastic stores for frequencies up to T2 telecommunication rates. Each FIFO on the chip 
is arranged as 64 x 1 (SN74ACT2226) or 256 x 1 (SN74ACT2228) and has control signals and status flags for 
independent operation. Output flags per FIFO include input ready (11R or 2IR), output ready (1OR or 2OR), 
half full (1HF or 2HF), and almost full/almost empty (1AF/AE or 2AF/AE). 


Serial data is written into a FIFO on the low-to-high transition of the write-clock (1 WRTCLK or 2WRTCLK) input 
when the write-enable ({WRTEN or 2WRTEN) input and input-ready flag (1IR or 21R) output are both high. 
Serial data is read from a FIFO on the low-to-high transition of the read-clock (1 RDCLK or 2RDCLK) input when 
the read-enable (1RDEN or 2RDEN) input and output-ready flag (1OR or 2OR) output are both high. The read 
and write clocks of a FIFO can be asynchronous to one another. 


Each input-ready flag (1IR or 2IR) is synchronized by two flip-flop stages to its write clock (1WRTCLK or 
2WRTCLK), and each output-ready flag (1OR or 2OR) is synchronized by three flip-flop stages to its read clock 
(1 RDCLK or 2RDCLK). This multistage synchronization ensures reliable flag-output states when data is written 
and read asynchronously. 


A half-full flag (1HF or 2HF) is high when the number of bits stored in its FIFO is greater than or equal to half 
the depth of the FIFO. An almost-full/almost-empty flag (1AF/AE or 2AF/AE) is high when eight or less bits are 
stored in its FIFO and when eight or fewer empty locations are left in the FIFO. A bit present on the data output 
is not stored in the FIFO. 


The SN74ACT2226 and SN74ACT2228 are characterized for operation from —40°C to 85°C. 


PRODUCTION DATA Information is current as of publication date. ; Copyright © 1993, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments ] 

standard warranty. Production processing does not necessarily include 

testing of all parameters. I EXAS 
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logic symbolst 


1RESET 
1WRTCLK 
1WRTEN 
1RDCLK 
-1RDEN 


1D 


2RESET 
2WRTCLK 
2WRTEN 
2RDCLK 
2RDEN 


2D 


1RESET - 


1WRTCLK 
1WRTEN 
1RDCLK 
1RDEN 


1D 


2RESET 
2WRTCLK 
2WRTEN 
2RDCLK 


2RDEN 


2D . 


tT These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 










® 
FIFO 64 x 1 
SN74ACT2226 





4 RESET 

> WRTCLK 
WRTEN 

> RDCLK 





IN RDY 

HALF FULL 

ALMOST FULL/EMPTY 
OUT RDY 









IN RDY 
HALF FULL 
ALMOST FULL/EMPTY 


> RDCLK 
OUT RDY 








© 
FIFO 256x 1 
SN74ACT2228 





Sy RESET 
> WRTCLK 
WRTEN | 
> RDCLK 





IN RDY 
HALF FULL 
ALMOST FULL/EMPTY 








OUT RDY 


IN RDY 
HALF FULL 

ALMOST FULL/EMPTY 
OUT RDY 


WRTEN 
[> RDCLK 
RDEN 

























1IR 
1HF 
1AF/AE 
10R 


1Q 


2iR 
2HF 
2AFIAE 
20R 


2Q 


1IR 
1HF 
1AF/AE 
10R 


1Q 


2iR 


. 2HF 


2AF/AE 
20R 


2Q 
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SN74ACT2226 functional block diagram (each FIFO) 


D 


RDCLK 
RDEN 


WRTCLK 
WRTEN 





D 


RDCLK 
RDEN 


WRTCLK 
WRTEN 





| 
Write Control 


ry 
ry 


ca Synchronous 
Read Control eh 


cen 
Write Control 


= 
= 


a Synchronous 
Read Control a Pointer 
a Write 


i= 


[ 


4 


Pointer 
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Location 1 
Location 2 


Dual-Port 


SRAM 
64x 1 





nae 63 
nae 64 


= 


SN74ACT2228 functional block diagram (each FIFO) 


Read 
Pointer ae 
Write 
is ay, 









Location 1 
Location 2 


Dual-Port 


SRAM 
256 x 1 


rw 255 


| Location 256 256 
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Terminal Functions 


TERMINAL 
DESCRIPTION 
NAME 


1AF/AE Roe ee jag A AFIAE i is high when the memory is iseight locations or less from a full or empty state. 
2AF/AE Over, is set high after reset. 


is z wER Data input 


a 

















1HF Haif-full flag. HF is high when the number of bits stored in memory is greater than or equal to half the FIFO depth. 
2HF He HF is set low after reset. | 
11R Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the FIFO is full and | 
DIR - writes are disabled. IR is set low during reset and is set high on the second low-to-high transition of WRTCLK 
after reset. ' 
40R 20 Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the FIFO is empty 





and reads are disabled. Ready data is present on the data output when OR is high. OR is set low during reset 
and set high on the third low-to-high transition of RDCLK after the first word is loaded to empty memory. 


0 
1Q 1 Data outputs. After the first valid write to empty memory, the first bit is output on the third rising edge of RDCLK. 
2Q 9 OR for the FIFO is asserted high to indicate ready data. 


Read clock. RDCLK is a continuous clock and can be independent of any other clock on the device. A low-to-high 
transition of RDCLK reads data from memory when the FIFO RDEN and OR are high. OR is synchronous with 
the low-to-high transition of RDCLK. 


Read enable. When the RDEN and OR ofa FIFO are high, data is read from the FIFO onthe low-to-high transition 
of RDCLK. 


Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK must 


= - occur while RESET is low. This sets HF, |R, and OR low and AF/AE high. Before it is used, a FIFO must be reset 
after power up. 


VCC 19 | | Supply voltage : 


4WRTCLK 3 Write clock. WRTCLK is a continuous clock and can be independent of any other clock on the device. A 
OWRTCLK 15 low-to-high transition of WRTCLK writes data to memory when WRTEN and IR are high. IR is synchronous with 
the low-to-high transition of WRTCLK. 


. paanley = cage Write enable. When WRTEN and IR are high, data is written to the FIFO ona low-to-high transition of WRTCLK. 






20R 1 















2 
1RDCLK 24 
2RDCLK 12 


1RDEN 23 
2RDEN 1 
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WRTCLK | 1 2 3 4 1 2 













WRTEN SOOO SEO Don't Care RXR OS | 
on are 
SSO HHH 55554 


OS 2 Ly Ly Le hd we hk i hk eh teh eh he ah teh he eh wh, Yeh, rah ah eh nad Yh he he Yh rh ah rah eh ah he 






































































SKK KKK NK DON'T CAPE Oo 


>, 






















RDCLK i | 2 3 4 | 






























RS IIS, DAME CAFE NRG 
SSR RRR REE KK KKK KKK KR KKKKRKKKRG 


624 4% CN ZN ZN 22) CN 2 2 2% CN ZN ZN LN ANZA AN ANZ 


RDEN 



















































































































































\/ YW VW S/ 


> KKK KK KKK KKK KKK XK XK MK XK KK MK MK KKK XK KK KX 
~» CK KKK OK ROOK OK OOK OK OOOO OOK OOOO KOK KOKO OKOKER OK) 
RRR RRR KKK RRR KKK KKK LKR RK KKK KKK KKK KKK KKK KKK KK KKK KKK KR KI 


KKK KKK KKK KKK KKK KD 







































































OR 





SOOO 
eecacateteneeee Don’t Care Seo woorsooes 


% Bon’t Care Xx) 


<< AKAAXK? ro 
xx Ode ah hn xXx <> 


a5 SOO Don't Care wesenene ‘2 

















AF/AE 








HF 


xS 























eo, 








Figure 1. FIFO Reset 
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= 1 
RESET . . 0 
WRTCLK | f : f . } | : | f : 
| , | } | ) | ” | 
[ e “| 1 
WRTEN : . l l l l 0 





Soe] BI feseg B2 f 


WA NVIN 797 47 9747 47 MASA 47 Vf 4A S477 A AZ SS ; 
1 ORCI | Bt 


a . GP. SP. SP. SP. GP. SP. SP. GP. SP. GP. —=._-. S -. S =.G .@] .@ 


DATA BIT NUMBER BASED ON FIFO DEPTH 


| DATA BIT 
DEVICE 


SN74ACT2226 B33 BS7 B65 
SN74ACT2228 | B129  B249 B257 





Figure 2. FIFO Write 
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1 
RESET 0 


wari LLL fal Pg PF Lge FP LL 
WRTEN "] | cs A TE a A a EEN 


KAA AAA AAA KAKAAAVK AAAAKA AAA AKA SA ALASKA ALAA AAA AAKAAA AAA LA AAAAKA AAAS 
EF RRR HHI 



































D 







| | 
RDEN__! a | | | | | 
| | | | | | 
Q Bt ( B2 XK  B3 B9 B10, AX B ; c X D | E X F 
OR | | | | | 


DATA BIT NUMBER BASED ON FIFO DEPTH 






DATA BIT 


DEVICE 

A B Cc D E F | 
SN74ACT2226 | B33 B34 B56 B57 B64 BES 
SN74ACT2228 | B129 B130 B248 B249 B256 B257 


Figure 3. FIFO Read 






absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply Vollage lange, VEG: -4sceccssiwadan cesmeddcaueiss tet en eaaaes aeewoeewates -O.5Vto7V 
Input voltage range, V; (See Note 1)... 6... eee ccc eee ee rece tenon eens —0.5 V to Voc + 0.5 V 
Output voltage range, Vo (See Note 1) 6... eee cece ee tee eee tenes -0.5 V to Voc + 0.5 V 
Input: clamp: current; li (Vis O Or Vie VGC) ssantient ovecorciedew twee wes bentnws dan besGeds +20 mA 
Output-clamp current; lon (Vo= 0:06 VO S VGC) incase testa hota se wea eerwed ea avareoanes +50 mA 
Continuous output current, IG (VQ =OtO VEC) ... cece ccc cent eee e ee ee ene +50 mA 
Continuous current through’ VEE Or GND icc... geen bannwss yedace tomer taadantehtedes econ +200 mA 
Operating free-air temperature range, Ta «1... eee eee cece eee treet teen eee eees —40°C to 85°C 
Storage temperature (ange: 2s.see saa i alohee ete ein hed eek wo heea ee eneetoued ween -65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided that the input and output current ratings are observed. 
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recommended operating conditions 


Tin WAX [UNIT 


Vcc Supply voltage 
VIH High-level input voltage 
TVIL Low-level input voltage 


IOH High-level output current Q outputs, Flags 
Q outputs 
lOL Low-level output current 
| | 


TA Operating free-air temperature ; 





electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


TEST CONDITIONS | MIN TYPT MAX 

a Gi ek Fe 
Voc =4.5V, loL = 16mA eo 7 

i ——‘dvoo=55,ieVogroSS—~—SCSS~—tS PY 


T All typical values are at Voc = 5 V, Ta = 25°C. 
+ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or VCC: 





timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 1 through 3) 


folock Clock frequency | 
| 1WRTCLK, 2WRTCLK high or lo 
tw Pulse duration : 
fw Plsecuraion 1RDCLK, 2RDCLK high or low, 
tu Setup time [TRDEN betore 1ROGLKT and 2RDEN before 2RDCLKT 


Hold time 1RDEN after 1RDCLKT and 2RDEN after 2RDCLKT 
1RESET low after 1\WRTCLKT and 2RESET low after 2WRTCLKTS 


| 1RESET low after 1 RDCLKT and 2RESET low after 2RDCLKTS 
§ Requirement to count the clock edge as one of at least four needed to reset a FIFO 


{RESET low before 1WRTCLKT and 2RESET low before 2WRTCLKTS 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 50 pF (unless otherwise noted) (see Figure 4) 


PARAMETER 







FROM TO 
(INPUT) (OUTPUT) MIN MAX. mika 
1WRTCLK, 2WRTCLK, | 
ea | AR LKT, zRDLKT a 
tod 1WRTCLKT, 2WRTCLKT 1IR, 21R 1 20] ns | 
{WRTCLKT, 2WRTCLKT 
tod 1AF/AE, 2AF/AE 
1RDCLKT, 2RDCLKT 
1WRTCLKT, 2WRTCLKT 2 20 
1HF, 2HF 
{PHL 1RDCLKT, 2RDCLKT 3 20 






—_ 





—_ 





a a a 2 a a) 
PARAMETER MEASUREMENT INFORMATION 


—-—— 3V 
Clock Input 
OV 
From Output 


Under Test 








Ri = 500 T CL = 50 pF Output 





: VOL 
tPLH tPHL l¢—_+ 


= = | | 
LOAD CIRCUIT VOLTAGE WAVEFORMS 


Figure 4. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
SINGLE FIFO SUPPLY CURRENT 


Vs 
CLOCK FREQUENCY 


fl = 1/2 felock 
Ta = 75°C 


I ccif) ~ Supply Current —mA 





felock ~ Clock Frequency — MHz 


Figure 5 


calculating power dissipation 


Data for Figure 5 is taken with one FIFO active and one FIFO idle on the device. The active FIFO has both writes 
and reads enabled with its read clock (RDCLK) and write clock (WRTCLK) operating at the rate specified by 
fclock: The data input rate and data output rate are half the fyiog, rate, and the data output is disconnected. A 
close approximation to the total device power can be found by using Figure 5, determining the capacitive load 
on the data output and determining the number of SN74ACT2226/2228 inputs driven by TTL high levels. 


With Iccif) taken from Figure 5, the maximum power “lespalien (P+) of one FIFO on the SN74ACT2226 or 
SN74ACT2228 can be calculated by: | | 


Pr = Voc [lec + (N x Alc x de)] + (CL x Voc? x fo) 


where: 
N = number of inputs driven by TTL levels 
Alcc =_ increase in power supply current for each input at a TTL high level 
dc = _ duty cycle of inputs at a TTL high level of 3.4 V 
Ci = output capacitive load 
fo = switching frequency of an output 





wp TEXAS 
INSTRUMENTS 


5-176 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 
CLOCKED FIRST-IN, FIRST-OUT MEMORIES 


SCAS219A — JUNE 1992 - REVISED AUGUST 1993 
APPLICATION INFORMATION 


~ An example of concentrating two independent serial data signals into a single composite data signal with the use of 
an SN74ACT2226 or SN74ACT2228 device is shown in Figure 6. The input data to the FIFOs share the same average 
(mean) frequency, and the mean frequency of the SYS_CLOCK is greater than or equal to the sum of the individual 
mean input rates. A single-bit FIFO is needed for each additional input data signal that is time-division multiplexed 
into the composite signal. 


The FIFO memories provide a buffer to absorb clock jitter generated by the transmission systems of incoming signals 
and synchronize the phase-independent inputs to one another. FIFO half-full (HF) flags are used to signal the 
multiplexer to start fetching data from the buffers. The state of the flags can also be used to indicate when a FIFO 
read should be suppressed to regulate the output flow (pulse-stuffing control). The FIFO almost-full/almost- “empty 
flags (AF/AE) can be used in place of the half-full flags to reduce transmission delay. 


SN74ACT2226 
or 
SN74ACT2228 





SYS_CLOCK 







7 

































Serial 1WRTCLK pict OG) READY_1 
Data 1WRTEN 1ROEN Le eee 1 
Stream aes re 1 
ae Composite 
Time-Division Data Stream 
Serial 2WRTCLK 2RDCLK Multiplexer 
Data 2WRTEN 2RDEN SELECT _2 
Stream 2D 20 DATA_2 
2HF READY _2 


Figure 6. Time-Division Multiplexing Using the SN74ACT2226 or SN74ACT2228 
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©@ Dual Independent FIFOs Organized as: DW PACKAGE 
64 Words by 1 Bit Each — SN74ACT2227 (TOP VIEW) 
256 Words by 1 Bit Each ~ SN74ACT2229 


@ Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident on Each 


aoe 1WRTEN U4 25[]10R 

@ input-Ready Flags Synchronized to Write WROs 241]1Q 
Clocks 1DU6 231] SRESET 

® Output-Ready Flags Synchronized to Read GND 7 22 Vac 
Clocks GND [js 21 Vcc 

® Half-Full and Almost-Full/Almost-Empty {RESET U9 201} 2D 
Flags 2QU10 8=—_-« 19 21R 

® Characterized for Operation Over the 20RY11 18 2WRTEN 
Industrial Temperature Range 2RDENW12 = 17H 2WRTCLK 
(-40°C to 85°C) 2RDCLKU13 = 16 JJ 2AF/AE 


Support Clock Frequencies up to 60 MHz 20E 414 ie U 2HF 


Access Times of 9 ns 

3-State Data Outputs 

Low-Power Advanced CMOS Technoleay 
Available in 28-Pin SOIC (DW) Package 


description 


The SN74ACT2227 and SN74ACT2229 are dual FIFOs suited for a wide range of serial data buffering 
applications including elastic stores for frequencies up to OC-1 telecommunication rates. Each FIFO on the chip 
is arranged as 64 x 1 (SN74ACT2227) or 256 x 1 (SN74ACT2229) and has control signals and status flags for 
independent operation. Output flags per FIFO include input ready (1/R or 21R), output ready (1OR or 2OR), 
half full (1HF or 2HF), and almost full/almost empty (1AF/AE or 2AF/AE). 


Serial data is written into a FIFO on the low-to-high transition of the write-clock (1WRTCLK or 2WRTCLK) input 
when the write-enable (1WRTEN or 2WRTEN) input and input-ready flag (1IR or 2IR) output are both high. 
Serial data is read from a FIFO on-the low-to-high transition of the read-clock (1 RDCLK or 2RDCLK) input when 
the read-enable (1 RDEN or 2RDEN) input and output-ready flag (1OR or 2OR) output are both high. The read 
and write clocks of a FIFO can be asynchronous to one another. A FIFO data output (1Q or 2Q) is in the 
high-impedance state when its output-enable (1OE or 2OE) input is low. 


Each input-ready flag (1IR or 2!IR) is synchronized by two flip-flop stages to its write clock (1WRTCLK or 
2WRTCLK), and each output-ready flag (1OR or 2OR) is synchronized by three flip-flop stages to its read clock 
(1 RDCLK or 2RDCLK). This multistage synchronization ensures reliable flag-output states when data is written 
and read asynchronously. 


A half-full flag (1HF or 2HF) is high when the number of bits stored in its FIFO is greater than or equal to half 
the depth of the FIFO. An almost-full/almost-empty flag (1AF/AE or 2AF/AE) is high when eight or less bits are 
stored in its FIFO and when eight or fewer empty locations are left in the FIFO. A bit present on the data output 
is not stored in the FIFO. 


The SN74ACT2227 and SN74ACT2229 are characterized for operation from —40°C to 85°C. 
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logic symbolst 


1RESET 
1WRTCLK 
1WRTEN 
1RDCLK 

- 10E 
1RDEN 


1D 


2RESET 
2WRTCLK 
2WRTEN 
2RDCLK 
20E 
2RDEN 


2D 


1RESET 
1WRTCLK 
1WRTEN 
1RDCLK 
10E 
1RDEN 


1D 


2RESET 
2WRTCLK 
2WRTEN 
2RDCLK 
20E 
2RDEN 


2D 












® 
FIFO 64x1 | 
SN74ACT2227 
I RESET 
> WRTCLK 
WRTEN 


> RDCLK 


IN RDY 

HALF FULL 
ALMOST FULL/EMPTY 
OUT RDY 






> WRICLK 
WRTEN 


[> RDCLK 


IN RDY 

HALF FULL 

ALMOST FULL/EMPTY 
OUT RDY 
















® 
FIFO 256 x 1 
SN74ACT2229 





NS] RESET 

> WRTCLK 
WRTEN 
> RDCLK 


IN RDY 

HALF FULL 
ALMOST FULL/EMPTY 
OUT RDY 





> WRTCLK 
WRTEN 


> RDCLK 


IN RDY 

HALF FULL 

ALMOST FULL/EMPTY 
OUT RDY 





t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


11R 
1HF 
1AFI/AE 
10R 


1Q 


2iR 
2HF 
2AF/AE 
20R 


2Q 


1IR 
1HF 
1AF/AE 
10R 


1Q 


2iR 
2HF 
2AF/AE 
20R 


2Q 
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SN74ACT2227 functional block diagram (each FIFO) 


OE 
D 


RDCLK 
RDEN 


WRTCLK 
WRTEN 





a Synchronous 
Read Control eee 


jee 
Write Control 


Reset Logic 


1 





Read 
a, 


Write 
Pointer 


l- Register >. 


SN74ACT2229 functional block diagram (each FIFO) 


OE 
D 


RDCLK 
RDEN 


WRTCLK 
WRTEN 





—— 


Cant 
Read Control 


Synchronous 
Write Control 


Reset Logic 


Read 
er 
| ee [> 
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Location 1 
Location 2 


Dual-Port 


SRAM 
64 x 1 


ye 63 


| Location 64 | 64 





Location 1 
Location 2 


Dual-Port 


SRAM 
256 x 1 


Location 255 
Location 256 





AF/AE 
HF 

IR 

OR 





eg 
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Terminal Functions 


TERMINAL | 
‘DESCRIPTION 
NAME 





1AF/AE Almost-full/almost-empty flag. AF/AE is high when the memory is eight locations or less from a full or empty 
2AF/AE ‘6 state. AF/AE is set high after reset. 


1D 
2D Pe Data i 


eno 78 | end OOS—SSOSCSCSCSC‘; MS 


1 Lee fa i Lee flag. HF is high when the number of bits stored in memory is greater than or equal to half the FIFO cont: | 
Lee fa Lilie is set low after reset. 


41R | Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the FIFO is full 
‘and writes are disabled. IR is set low during reset and is set high on the second low-to-high transition of 
2IR 
WRTCLK after reset. 
10E an Output enable. The data output of a FIFO is active when OE is high and in the high-impedance state when OE 
20E is low. 


10R Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the FIFO is 
20R empty and reads are disabled. Ready data is present on the data output when OR is high. OR is set low during 
reset and set high on the third low-to-high transition of RDCLK after the first word is loaded to empty memory. 























1Q 
2Q 


on ae outputs. After the first valid write to empty memory, the first bit is output on the third rising ede of RDCLK. 
re Vee for the FIFO is asserted high to indicate ready data. 


Read clock. RDCLK is a continuous clock and can be independent of any other clock on the device. A 
low-to-high transition of RDCLK reads data from memory when the FIFO RDEN and OR are high. OR is 
synchronous with the low-to-high transition of RDCLK. 


Read enable. When the RDEN and OR of a FIFO are high, data is read from the FIFO on the low-to-high | 
transition of RDCLK. 


{RESET 9 Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK 
sees must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. Before it is used, a FIFO must 

2RESET 23 
be reset after power up. 


Vcc 21,22 os Supply voltage | 


{WRTCLK 3 Write clock. WRTCLK is a continuous clock and can be independent of any other clock on the device. A 
>WRTCLK 47 low-to-high transition of WRTCLK writes data to memory when WRTEN and IR are high. IR is synchronous with 
the low-to-high transition of WRTCLK. 


yay os Ee Write enable. When WRTEN and IR are high, data is written to the FIFO ona low-to-high transition of WRTCLK. 





















1RDCLK 27 
2RDCLK 13 


1RDEN 26 
ORDEN 12 
















































wy TEXAS 
INSTRUMENTS 


5-182 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


SN74ACT2227, SN74ACT2229 
DUAL 64 x 1 AND DUAL 256 x 1 
FIRST-IN, FIRST-OUT MEMORIES 


SCAS220A — JUNE 1992 — REVISED AUGUST 1993 





WRTCLK l 1 2 3 4 1 2 














SSK KK Dnt Care KI II HHH 
WRTEN X%*KKKKKKKKKXKXKX™ Don’t Care KKK KK KK KK KKK KOKO) 
LOSS 























































ISON BSB BIB SPAS IP SA SINS LJISJV JY PVP PJ JV J JJ LJ PJ LJLA LJ PJ JJ JYPVLJV JY J“ PJ“ fY“{Y7 
SO KOKI OH HKG DAME CAE OOO ONO SKI Oe 

















RDCLK lA 1 | 2 3 4 | 



















KP» iy RA AAAKAAK AY OVP AIPA KICK KKK KKK KOON 
RDEN ORONO RoR: DOME GAR OOo OO SKK 





~s¥ 





hy 






























































RII RII RII RII DaM't Care RII RI HK RT IIHR IVI HII 
RRR RR RRR KR RRR RRR KKK RK ARIA MARR KR RRR KK R RRR KR RRR KR RRND 


OE 









































































Arearenerecerecececenereneserenecerecerenereneserecernereneserenerenbsereneserenerenerenecenesenererenereneenen™ 
eee eeehealahetsletelahctstetelalctstetelslctslelectalcteletetelctsleletalctsletslslctslstelslctetsletslslctslgles 








































































































oe, 


CX KKKX) : CK KK KKK KOK 
x<xxx xx Don’t Care CKO 
SRK KR AE RRR RRR RRR 


| YO 
on Sey 
Cx xX KK KX KK DX | | 
| | 
| 


OR 








































WF WWM YY VY 


KKK KKMAMK MAMMA KK KKK] 
KOO ; QOOOOOOOD 
OS OE CALS FF 


OL ih eh ed eh lh eh eh th rh he he he dh he nah 






Figure 1. FIFO Reset 





sa TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5-183 





SN74ACT2227, SN74ACT2229 _ 
DUAL 64 x 1 AND DUAL 256 x 1. 
-FIRST-IN, FIRST-OUT MEMORIES 


SCAS220A ~ JUNE 1992 - REVISED AUGUST 1993 





























RESET 
WRTCLK | { | { { { . { | 
| | | » | 
WRTEN | | | | 
| | | | 
KKK AX ) x A 1 KAA KK AK XK RS XK ALN IX AX X 
D KKK BI KS B2 EXT BS R62] B4 BOXES Kd A KS 






















VVANVZ 


VWAAV7 47 S747 
arerereretetetetetetetetecs 






» 





DATA BIT NUMBER BASED ON FIFO DEPTH 





SN74ACT2227 | B33 B57 B65 
SN74ACT2229 | B129 B249 B257 


Figure 2. FIFO Write 
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x~x«ex KKK KK. \Y LAA AAAAAAAAAAAAAAAA AAA AAA AAAAA AAA AA AAAA/) 
DF BOSSES 5G HII III 






















SE 


OR | | | 


AF/AE 


DATA BIT NUMBER BASED ON FIFO DEPTH 


SN74ACT2227 
SN74ACT2229 | B129 B130 B248 B249 B256 B257 


Figure 3. FIFO Read 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


SUPPLY VOlLAGE TANGO: VGC seuss enw ce nbsieeber esis cede tatter tates canaateeaeigals -0.5Vto7V 
input voltage range, V; (see Note 1) a... ic cece eee ee cee eee cee eee eee ee es —0.5 V to Veco + 0.5 V 
Output voltage range, Vo (see Note 1)... eee eee eee eee eee e tenes -0.5 V to Voc + 0.5 V 
Voltage applied to a disabled 3-state output ......... cece cee nen e ete e eee eeee 5.5 V 
‘Input clamp current, liq (Vj <O Or Vi>Vog) ..--- cee eee cece eee e ee teen eee eenens +20 mA 
Output clamp current, lox (Vo <O Or VO > Ve) ..- eee cece cette eee ete te eee e beeen eens +50 mA 
Continuous output current, lo (Vo =O to Voc) ....- eee eee eee ee eee closers Gace ehigs Akg macs ae ete “EE OO MA 
Continuous current through Vcc or GND ........ er re et eee ee ere re ere +200 mA 
Operating free-air temperature range, Ta ..... eee eect teen eee eens vegan -40°C to 85°C 
SlOFaAge TEMPelAlUle (ANGE: cc.0ocdatstedcasderatanwoesewaestewiavawausseoueiviness —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided that the input and output current ratings are observed. 


recommended operating conditions 


Sd 
Vcc Supply voltage : 4.5 5.5 V 


VIH High-level input voltage 


VIL Low-level input voltage 


1OH High-level output current 


lOL Low-level output current 





TA Operating free-air temperature 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX 
Won |veo=48,_lon=-8 ma re 


V 
[rags [Weo=45v, lo = 8 ma al 
[ooupas |voo=45V, lor= 16m oe 
i —*dvog=55v, i= Vooerd 


Vcc = 5.5 V, One input at 3.4 V, Other inputs at Vcc or GND 
CS EL f= 1 MHz | 


=0J. ’ | = 
loz [Voo= 85, Vo=Vooord 
[co ——*dvo= 0 (= 1M 


OH 
VOL 
loz . 
ioc [i= Voo-0.2Vor0 | 
Ioc$ 
Ci | = 
Co 





¥ All typical values are at Vcc = 5 V, Ta = 25°C. 
§ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or VCC: 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 1 through 3) , 


| 1WRTCLK, 2WRTCLK high or low 
tw Pulse duration 
1RDCLK, 2RDCLK high or low 


1D before 1WRTCLKT and 2D before 2WRTCLKT 
1WRTEN before 1WRTCLKT and 2WRTEN before 2WRTCLKT 
Setup time 






















[TRDEN before 1ADCLKT and 2RDEN before 2ADGLKT—__———idt 

[TRESET low before IWRTCLKT and 2RESET low betore 2WATOLKTT | 6] 

[RESET low before 1ROGLKT and RESET low before @ROCLKTT | 6 

[iD ater WATCLKT and 20 ater 2WATCLKT———SSCiSC*d 

[IWATEN after WATCLKT and 2WATEN after WATOLKT =f io 
pe 

[3 


1RESET low after 1WRTCLKT and 2RESET low after 2WRTCLKTT 
{RESET low after 1RDCLKT and 2RESET low after 2RDCLKTT 


t Requirement to count the clock edge as one of at least four needed to reset a FIFO 









switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 50 pF (unless otherwise noted) (see Figure 4) 


panawerer | won| our MN MAX| NT 

ae ee 
s or 1RDCLK, 2RDCLK 

a Sa A 

ae Cet 








—_ 


Co iRDGLKT, 2ADGLKT 1OR, 208 ane EC 
1WRTCLKT, 2WRTCLKT 
tod 1AF/AE, 2AF/AE 
1RDCLKT, 2RDCLKT 






1WRTCLKT, 2WRTCLKT 

1HF, 2HF 
1RDCLKT, 2RDCLKT 
ee TAFIAE, 2AFTAE 


HE 


— 
—_ 
© 
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PARAMETER MEASUREMENT INFORMATION 





7V 
G a | 8 er 
si P7 PLERIZF2 Crock input _f \_/f ~N 
. | | OV 
‘ | ! 
From Output | | 
Under Test —— Test Point | ————— VOH 
R2 | Output | 
CL | VoL 
| | tPLH (PHL 1¢ $+ 
LOAD CIRCUIT | VOLTAGE WAVEFORMS 
3V 
Input 1.5V 15V 
| Pl gee ops tne OV 
tpez_t | 
|; terz— Ie | 
| | | =3.5V 
Output ! wv |oy 


h— 
| . - —-— VYOH 
own fay XE an 
- =Q0V 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 


Ceanameren Trine Tar Tat 
— 
=n ail 
ee ae ee 


T Includes probe and tect actu capacitance 


Figure 4. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 


SINGLE FIFO SUPPLY CURRENT 
VS 
CLOCK FREQUENCY 


fj = 1/2 felock 
Ta = 75°C 





felock — Clock Frequency — MHz 


Figure 5 


calculating power dissipation 


Data for Figure 5 is taken with one FIFO active and one FIFO idle on the device. The active FIFO has both writes 
and reads enabled with its read clock (RDCLK) and write clock (WRTCLK) operating at the rate specified by 
folock: The data input rate and data output rate are half the foiog, rate, and the data output is disconnected. A 
close approximation to the total device power can be found by Figure 5, determining the capacitive load on the 
data output, and determining the number of SN74ACT2227/2229 inputs driven by TTL high levels. 


With Ic¢cif) taken from Figure 5, the maximum power dissipation (Py) of one FIFO on the SN74ACT2227 or 
SN74ACT2229 can be calculated by: 


Pr = Voc x Ilocity + (N x Alec x de)] + (CL x Voc? x fo) 


where: 
N = number of inputs driven by TTL levels 
Alcc =_ increase in power supply current for each input at a TTL high level — 
dc = _ duty cycle of inputs at a TTL high level of 3.4 V 
Ci = output capacitive load 
fo = switching frequency of an output 
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APPLICATION INFORMATION 


An example of concentrating two independent serial data signals into a single composite data signal with the use of 
an SN74ACT2227 or SN74ACT2229 device is shown in Figure 6. The input data to the FIFOs share the same average 
(mean) frequency, and the mean frequency of the SYS_CLOCK is greater than or equal to the sum of the individual 
mean input rates. A single-bit FIFO is needed for each additional input data signal that is time-division multiplexed 
into the composite signal. 


The FIFO memories provide a buffer to absorb clock jitter generated by the transmission systems of incoming signals 
and synchronize the phase-independent inputs to one another. FIFO half-full (HF) flags are used to signal the 
multiplexer to start fetching data from the buffers. The state of the flags can also be used to indicate when a FIFO 
read should be suppressed to regulate the output flow (pulse-stuffing control). The FIFO almost-full/almost-empty 
flags (AF/AE) can be used in place of the half-full flags to reduce transmission delay. 


















SN74ACT2227 
or 
SN74ACT2229 SYS_CLOCK 
1HF P 
Serial 4WRTCLK 1RDCLK READY _1 
Data 14WRTEN  1RDEN 
Stream 
— Time-Division ita cake 
Serial 2WRTCLK 2RDCLK Multiplexer 
Data 2WRTEN 2RDEN 
Stream 


2D 2Q 
2HF 







READY 2 


Figure 6. Time-Division Multiplexing Using the SN74ACT2227 or SN74ACT2229 
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@ Free-Running CLKA and CLKB Can Be ® IRB, ORB, AEB, and AFB Flags 
Asynchronous or Coincident Synchronized by CLKB 
@ Two Independent 512 x 36 Clocked FIFOs @ Low-Power 0.8-Micron Advanced CMOS 
Buffering Data in Opposite Directions Technology 
® Mailbox Bypass Register for Each FIFO ® Supports Clock Frequencies up to 67 MHz 
® Programmable Almost-Full and | @ Fast Access Times of 11 ns 
Almost-Empty Flags @ Pin-to-Pin Compatible With the 
® Microprocessor Interface Control Logic SN74ACT3622 and SN74ACT3642 
@ IRA, ORA, AEA, and AFA Flags @ Available in Space-Saving 120-Pin Thin 
Synchronized by CLKA Quad Flat Package (PCB) or 132-Pin Plastic 
Quad Flat Package (PQ) 
PCB PACKAGE 
(TOP VIEW) 
ol aea.< seis Sip 82 ape Be olla ~Simr al o 
Sa ase 5 SECS Sb Bg De SSSHES eshsaa8 
hb ert elle faner omen oerel nll emet ental mmo! relent oebometemanerterbeeteelemetfunmbenmerheelevetenl len toedeto eel mlertnvlemeelrctee bolo oeean 
VES Or CLIENTS SSSESSSSSSESSSESSSESES 
Pos ae a I eS IS i epee Rooyen: Ve | B35 
A34 lL] 2 -] B34 
A33 YU 3 LI B33 
A32 L] 4 -] B32 
Voc U5 LJ] GND 
A316 L] B31 
A30 (47 |} B30 
GND Ci 8 LJ} B29 
A29 LL} 9 _ B28 
A28 LJ |} B27 
A27 UU LJ B26 
A26 C M Voc 
A25 U iJ B25 
A24 LI L}] B24 
A23 LJ] GND 
GND L} B23 
A22 L} B22 
Voc u LJ] B21 
A2i LJ B20 
A20 U L] B19 
A19 U 1] B18 
A18 U L] GND 
GND 4 [] B17 
A117 U -] B16 
Ai6C 1] Voc 
A150 tL] B15 
Ai4U [] B14 
A130 [] B13 
Voc rl B12 
A120 L] GND 


om 1) onnnonowsaysyseyrsrasyrsertaT TW WwW WY Fe) Fe) “W < 
FILILICI CIVIL LOU UU UU UU LU LUI LU LIU UU CU 
orooaovaoaroQquow7Ttom ON TOO STNOMYTOMOD oh ORO 
Zuyttittedccd Gecdsoonnoanso Soooars 
O O > O Go > 
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PQ PACKAGET 
(TOP VIEW) 
ea a) Ve N ~ N <x 

oS OF IND _ DQimjim sha 52 ab SEME gts 62s $2 | 

CO 8FZSRZSSER Shab bz BH SERE stabs? azo 

EEE EEL 

987654321 

NC C18 U NC 
B35 C-I19 NC 
B34 C— 20 A35 
B33 [=o A34 
B32 A33 
GND A32 
B31 Vcc 
B30 A31 
B29 A30 
B28 GND 
B27 A29 
B26 A28 
Voc A27 
B25 A26 
B24 A25 
GND A24 
B23 A23 
B22 GND 
B21 A22 
B20 Voc 
B19 A21 
B18 A20 
GND A19 
Bi7 A18 
B16 GND 
Voc —443 Ai7 
B15 A16 
B14 A15 
B13 C446 A14 
B12 A13 
GND Voc 
NC A12 
NC NC 

HOU UU UUU EU UU UU UU UU UU UU UU UU UU 

CE SR RH OOS HMMA MOS eee OeZ Teo ZeseZe=Bss 

2am ae Fa > a LL EA = 


NC — No internal connection 
t Uses Yamaichi socket 1C51-1324-828 
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description 


The SN74ACT3632 is a high-speed, low-power CMOS bidirectional clocked FIFO memory. It supports clock 
frequencies up to 67 MHz and has read access times as fast as 11 ns. Two independent 512 x 36 dual-port 
SRAM FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and 
full conditions and two programmable flags (almost full and almost empty) to indicate when a selected number 
of words are stored in memory. Communication between each port can bypass the FIFOs via two 36-bit mailbox 
registers. Each mailbox register has a flag to signal when new mail has been stored. Two or more devices can 
be used in parallel to create wider data paths. 


The SN74ACT36382 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 


The input-ready (IRA, IRB) flag and almost-full (AFA, AFB) flag of a FIFO are two-stage synchronized to the port 
clock that writes data to its array. The output-ready (ORA, ORB) flag and almost-empty (AEA, AEB) flag of a 
FIFO are two-stage synchronized to the port clock that reads data from its array. Offset values for the almost-full 
and almost-empty flags of both FIFOs can be programmed from port A. 


The SN74ACT3682 is characterized for operation from 0°C to 70°C. 
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functional block diagram 
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Terminal Functions 


TERMINAL | 
NAME DESCRIPTION | 
A0O-A35 —e_| Port-A data. The 36-bit bidirectional data port for side A. 


Port-A almost-empty flag. Programmable almost-empty flag synchronized to CLKA. AEA is low when the number of 
ex A) | words in FIFO2 is less than or equal to the value in the almost-empty A offset register, X2. 


AEB Port-B almost-empty flag. Programmable almost-empty flag synchronized to CLKB. AEB is low when the number of | 
Be B) | words in FIFO1 is less than or equal to the value in the almost-empty B offset register, X1. 


AFA O Port-A almost-full flag. Programmable almost-full flag synchronized to CLKA. AFA is low when the number of empty 
(port A) | locations in FIFO1 is less than or equal to the value in the almost-full A offset register, Y1. 
AFB O Port-B almost-full flag. Programmable almost-full flag synchronized to CLKB. AFB is low when the number of empty 
(port B) | locations in FIFO2 ts less than or equal to the value in the almost-full B offset register, Y2. 
BO-B35 Port-B data. The 36-bit bidirectional data port for side B. ; 
CLKA Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. IRA, ORA, AFA, and AEA are all synchronized to the low-to-high transition of CLKA. 


Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
pom | 






























or coincident to CLKA. IRB, ORB, AFB, and AEB are synchronized to the low-to-high transition of CLKB. 


Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
AO0-—A35 outputs are in the high-impedance state when CSA is high. 







Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 





BO-—B35 outputs are in the high-impedance state when CSB is high. 
| ENA [ ot | Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 
| ENB | I | Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 





Flag offset selects. The low-to-high transition of a FIFO reset input latches the values of FSO and FS1. if either FSO or 
FS1 is high when a reset input goes high, one of three preset values is selected as the offset for the FIFO almost-full 
and almost-empty flags. If both FIFOs are reset simultaneously and both FSO and FS1 are low when RST1 and RST2 


FS1, FSO 
go high, the first four writes to FIFO1 program the almost-full and almost-empty offsets for both FIFOs. 


Input-ready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA is low, FIFO1 is full and writes 
ee A) 







IRA to its array are disabled. IRA is set iow when FIFO1 is reset and is set high on the second low-to-high transition of CLKA 


after reset. 


after reset. 


Input-ready flag. IRB is synchronized to the low-to-high transition of CLKB. When IRB is low, FIFO2 is full and writes | 
ee rt B) to its array are disabled. IRB is set low when FIFO2 is reset and is set high on the second low-to-high transition of CLKB 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 


MBA A0-A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 


FIFO2 output-register data for output. 





Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
BO-—B35 outputs are active, a high level on MBB selects data from the mail1 register for output and a low level selects 
FIFO1 output-register data for output. 


MBB 








Mail1 register flag. MBF1 is set low by the low-to-high transition of CLKA that writes data to the mail1 register. Writes 
to the mail1 register are inhibited while MBF 1 is low. MBF is set high by a low-to-high transition of CLKB when a port-B 
read is selected and MBB is high. MBF1 is set high when FIFO1 is reset. 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
read is selected and MBA is high. MBF2 is also set high when FIFO2 is reset. 


Output-ready flag. ORA is synchronized to the low-to-high transition of CLKA. When ORA is low, FIFO2 is empty and 
reads from its memory are disabled. Ready data is present on the output register of FIFO2 when ORA is high. ORA 

































is forced low when FIFO2 is reset and goes high on the third low-to-high transition of CLKA after a word is loaded to 
empty memory. 
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Terminal Functions (Continued) 


TERMINAL | 
=e | Output-ready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORB is low, FIFO1 is empty and 
WiRA 










reads from its memory are disabled. Ready data is present on the output register of FIFO1 when ORB is high. ORB 
is forced low when FIFO1 is reset and goes high on the third low-to-high transition of CLKB after a word is loaded to | 
empty memory. 








FIFO1 reset. To reset FIFO1, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST1 is low. The low-to-high transition of RST1 latches the status of FSO and FS1 for AFA and AEB offset 
selection. FIFO1 must be reset upon power up before data is written to its RAM. 














FIFO2 reset. To reset FIFO2, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST2 is low. The low-to-high transition of RST2 latches the status of FSO and FS1 for AFB and AEA offset 
selection. FIFO2 must be reset upon power up before data is written to its RAM. 













Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The AO—A35 outputs are in the high-impedance state when W/RA is high. 






Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B fora | 
low-to-high transition of CLKB. The BO—B35 outputs are in the high-impedance state when W/RB is low. 





W/RB 


detailed description 


reset 


The FIFO memories of the SN74ACT3632 are reset separately by taking their reset (RST1, RST2) inputs low 
for at least four port-A clock (CLKA) and four port-B clock (CLKB) low-to-high transitions. The reset inputs can 
switch asynchronously to the clocks. A FIFO reset initializes the internal read and write pointers and forces the 
input-ready flag (IRA, IRB) low, the output-ready flag (ORA, ORB) low, the almost-empty flag (A (AEA, =A, AEB) low, 
and the almost-full flag (AFA, AFB) high. Resetting a FIFO also forces the mailbox flag (MBF1, MBF2) of the 
parallel mailbox register high. After a FIFO is reset, its input-ready flag is set high after two clock cycles to pee 
normal operation. A FIFO must be reset after power up before data is written to its memory. 


A low-to-high transition on a FIFO reset (RST1, RST2) input latches the value of the flag-select (FSO, FS1) inputs 
for choosing the almost-full and almost-empty offset programming method. 








almost-empty flag and almost-full flag offset programming 


Four registers in the SN74ACT3632 are used to hold the offset values for the almost-empty and almost-full flags. 
The port-B almost-empty flag (AEB) offset register is labeled X1 and the port-A almost-empty flag (AEA) offset 
register is labeled X2. The port-A almost-full flag (AFA) offset register is labeled Y1 and the port-B almost-full 
flag (AFB) offset register is labeled Y2. The index of each register name corresponds to its FIFO number. The 
offset registers can be loaded with preset values during the reset of a FIFO or they can be programmed from 
port A (see Table 1). 


Table 1. Flag Programming 


a a RST2 | X1 AND Y1 REGISTERS! X2 AND Y2 REGISTERS 


H 
H 
H 
H 
L 
L 
L 





Programmed from port A Programmed from port A 


tx1 register holds the offset for AEB; Y1 register holds the offset for AFA. 
+ X2 register holds the offset for AEA; Y2 register holds the offset for AFB. 
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almost-empty flag and almost-full flag offset programming (continued) 


To load the almost-empty flag and almost-full flag offset registers of a FIFO with one of the three preset values 
listed in Table 1, at least one of the flag-select inputs must be high during the low-to-high transition of its reset 
input. For example, to load the preset value of 64 into X1 and Y1, FSO and FS1 must be high when FIFO1 reset 
(RST1) returns high. Flag-offset registers associated with FIFO2 are loaded with one of the preset values in the 
same way with FIFO2 reset (RST2). When using one of the preset values for the flag offsets, the FIFOs can be 
reset simultaneously or at different times. 








To program the X1, X2, Y1, and Y2 registers from port A, both FIFOs should be reset simultaneously with FSO 
and FS1 low during the low-to-high transition of the reset inputs. After this reset is complete, the first four writes 
to FIFO1 do not store data in RAM but load the offset registers in the order Y1, X1, Y2, X2. Each offset register 
uses port-A (A8—A0) inputs, with A8 as the most significant bit. Each register value can be programmed from 
1 to 508. After all the offset registers are programmed from port A, the port-B input-ready flag (IRB) is set high 
and both FIFOs begin normal operation. 


FIFO write/read operation 


The state of the port-A data (AO—A35) outputs is controlled by the port-A chip select (CSA) and the port-A 
write/read select (W/RA). The AO—A35 outputs are in the high-impedance state when either CSA or W/RA is 
high. The AO—A35 outputs are active when both CSA and W/RA are low. 


Data is loaded into FIFO1 from the AO—A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA 
is high, ENA is high, MBA is low, and IRA is high. Data is read from FIFO2 to the AO—A35 outputs by a low-to-high 
transition of CLKA when CSA is low, W/RA is low, ENA is high, MBA is low, and ORA is high (see Table 2). FIFO 
reads and writes on port A are independent of any concurrent port-B operation. 


Table 2. Port-A Enable Function Table 


Re IS a ee 


In high-impedance state None 
In high-impedance state - None 
In high-impedance state '  FIFO1 write 
In high-impedance state Mail1 write 
Active, FIFO2 output register None 
Active, FIFO2 output register FIFO2 read 
Active, mail2 register None 
Active, mail2 register Mail2 read (set MBF2 high) 





H 
L 
L 
L 
L 
L 
L 
L 


- cr rr zt rt zx 
or 22 m-flo 


The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/read select (W/RA). The state of the 2 port-B data (BO-—B35) outputs is 
controlled by the port-B chip select (CSB) ar and the port-B write/read select (W/RB). The BO—B35 outputs are 
in the high-impedance state when either CSB is high or W/RB is low. The BO—B35 outputs are active when CSB 
is low and W/RB is high. 


Data is loaded into FIFO2 from the BO-—B35 inputs on a low-to-high transition of CLKB when CSB is low, W/RB- 
is low, ENB is high, MBB is low, and IRB is high. Data is read from FIFO1 to the BO—B35 outputs by a low-to-high 
transition of CLKB when CSBis low, W/RB is high, ENB is high, MBB is low, and ORB is high (see Table 3). FIFO 
reads and writes on port B are independent of any concurrent port-A operation. 
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FIFO write/read operation (continued) 


Table 3. Port-B Enable Function Table 


Be a 


In high-impedance state None 


















None 
FIFO2 write 
Mail2 write 


In high-impedance state 





In high-impedance state 








In high-impedance state 





None 
FIFO1 read 
None 
Mail1 read (set MBF1 high) 


Active, FIFO1 output register 





Active, FIFO1 output register 





Active, mail1 register 





Pr ere eS or Re 
ITmrtreititatrexéK 
TtOerereiriair i. 


Active, mail1 register 





ease ee xs 


The setup and hold time constraints to the port clocks for the port chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port’s chip select and write/read select may change states during 
the setup and hold time window of the cycle. 


When a FIFO output-ready flag is low, the next data word is sent to the FIFO output register automatically by 
the low-to-high transition of the port clock that sets the output-ready flag high. When the output-ready flag is high, 
an available data word is clocked to the FIFO output register only when a FIFO read is selected by the port’s 
chip select, write/read select, enable, and mailbox select. a 


synchronized FIFO flags 


Each FIFO is synchronized to its port clock through at least two flip-flop stages. This is done to improve 
flag-signal reliability by reducing the probability of metastable events when CLKA and CLKB operate 
asynchronously to one another (see the application report Metastability Performance of Clocked FIFOs in the 
1994 High-Performance FIFO Memories Data Book, literature #SCAD003B). ORA, AEA, IRA, and AFA are 
synchronized to CLKA. ORB, AEB, IRB, and AFB are synchronized to CLKB. Tables 4 and 5 show the 
relationship of each port flag to FIFO1 and FIFO2. 


Table 4. FIFO1 Flag Operation 


SYNCHRONIZED | SYNCHRONIZED 
NUMBER OF WORDS TO CLKB TO CLKA 
IN FIFO1TE = 


ORB 


0 


1 to X1 
(X1 + 1) to [512 -(Y1 + 1)] 
(512 — Y1) to 511 
512 


T X1 is the almost-empty offset for FIFO1 used by AEB. Y1 is the almost-full 
offset for FIFO1 used by AFA. Both X1 and Y1 are selected during a reset of 
FIFO1 or programmed from port A. 

+ When a word loaded to an empty FIFO is shifted to the output Eger its 
previous FIFO memory location is free. 
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synchronized FIFO flags (continued) 


Table 5. FIFO2 Flag Operation 


SYNCHRONIZED | SYNCHRONIZED 
NUMBER OF WORDS TO CLKA TO CLKB 
IN FIFO2Tt —— 
AFB IRB 


AEA 


F 
0 | H H 
1 to X2 H H 
(X2 + 1) to [512 - (Y2 + 1)] H H 
(512 — Y2) to 511 L H 
512 L L 


tT X2 is the almost-empty offset for FIFO2 used by AEA. Y2 is the almost-full 
offset for FIFO2 used by AFB. Both X2 and Y2 are selected during a reset of 
FIFO2 or programmed from port A. 

+ When a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. 


output-ready flags (ORA, ORB) 


The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array. When the 
output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, the 
previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 





A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+1, or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of the output-ready flag synchronizing clock; therefore, 
an output-ready flag is low if a word in memory is the next data to be sent to the FIFO output register and three 
cycles of the port clock that reads data from the FIFO have not elapsed since the time the word was written. 
The output-ready flag of the FIFO remains low until the third low-to-high transition of the synchronizing clock 
occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output register. 


A low-to-high transition on an output-ready flag synchronizing clock begins the first synchronization cycle ofa 
write if the clock transition occurs at time ts,4 or greater after the write. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 7 and 8). | 


input-ready flags (IRA, IRB) 
The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array. When the input-ready 


flag is high, a memory location is free in the SRAM to receive new data. No memory locations are free when 
the input-ready flag is low and attempted writes to the FIFO are ignored. 


Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
Status is full, full-1, or full-2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of two cycles of the input-ready flag synchronizing clock; therefore, an input-ready 
flag is low if less than two cycles of the input-ready flag synchronizing clock have elapsed since the next memory 
write location has been read. The second low-to-high transition on the input-ready flag synchronizing clock after 
the read sets the input-ready flag high. 


A low-to-high transition on an input-ready flag synchronizing clock begins the first synchronization cycle of a 
read if the clock transition occurs at time ts,4 or greater after the read. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 9 and 10). 
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almost-empty flags (AEA, AEB) 


The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost empty, almost empty+1, or almost empty+2. The almost-empty state is 
defined by the contents of register X1 for AEB and register X2 for AEA. These registers are loaded with preset 
values during a FIFO reset or programmed from port A (see a/most-empty flag and almost-full flag offset 
programming). An almost-empty flag is low when its FIFO contains X or less words and is high when its FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 


Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for its 
almost-empty flag to reflect the new level of fill. Therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of its synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of its 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time ts,2 or greater 
after the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 11 and 12). 


_ almost-fuil flags (AFA, AFB) 


The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full—1, or almost full—2. The almost-full state is defined by the contents 
of register Y1 for AFA and register Y2 for AFB. These registers are loaded with preset values during a FIFO reset 
or programmed from port A (see almost-empty flag and almost-full flag offset programming). An almost-full flag 
is low when its FIFO contains (512 — Y) or more words and is high when its FIFO contains [512 — (Y + 1)] or less 
words. A data word is present in the FIFO output register has been read from memory. 


Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for its 
almost-full flag to reflect the new level of fill. Therefore, the almost-full flag of a FIFO containing [512 — (Y + 1)] 
or less words remains low if two cycles of its synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [512 — (Y + 1)]. An almost-full flag is set high by the second low-to-high 
transition of its synchronizing clock after the FIFO read that reduces the number of words in memory to 
[512 — (Y + 1)]. Alow-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at time tg,.o or greater after the read that reduces the number of words in memory to 
[512 — (Y + 1)]. Otherwise, the subsequent eee clock cycle can be the first synchronization cycle (see 
Figures 13 and 14). 


mailbox registers 


Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 

~ without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low-to-high transition on CLKA writes AO—A35 data to the mail1 register 
when a port-A write is selected by CSA, W/RA, and ENA and with MBA high. A low-to-high transition on CLKB 
writes BO—B35 data to the mail2 register when a port-B write is selected by CSB, W/RB, and ENB and with MBB 
high. Writing data to a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail 
register are ignored while the mail flag is low. 





When data outputs of a port are active, the data on the bus comes from the FIFO output register when the port 
mailbox select input is low and from the mail register when the port-mailbox select input is high. The mail 
register flag (MBF1) is set high by a low-to-high transition on CLKB when a port-B read is selected by CSB, 
W/RB, and ENB and with MBB high. The mail2 register flag (MBF2) is set high by a low-to-high transition on 
CLKA when a port-A read is selected by CSA, W/RA, and ENA and with MBA high. The data in a mail register 
remains intact after it is read and changes only when new data is written to the register. 
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FS1, FSO 
tod(C-IR) tod(C-IR) ea’ 
IRA 
| tpd(C-OR) 
ORB 
tpa(R-F) }*#—— 
tpa(R-F) (¢#——> | 


tpd(R-F) 
MBF1 


Figure 1. FIFO1 Reset Loading X1 and Y1 With a Preset Value of EighttT 


Tt FIFO2 is reset in the same manner to load X2 and Y2 with a preset value. 


—* tsu(FS) | | | | 


RST1, | 
RST2 | | | | | 
— ¢ th(Fs) _ | 


FS1, FSO 









a tpd(C-IR) # —» 
A | ae ar a ac ae a 
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A0—A35 









AFA Offset 


AEB Offset AFB Offset AEA Offset l First Word to FIFO1 
(Y1) (X1) (Y2) (X2) 


| 
tpd(C-IR) #—_—> 


IRB y 


T tsk1 is the minimum time between the rising CLKA edge and a rising CLKB edge for IRB to transition high in the next cycle. If the time between 
the rising edge of CLKA and rising edge of CLKB is less than tsk1, IRB may transition high one cycle later than shown. 


NOTE A: CSA =L, W/RA =H, MBA = L. It is not necessary to program offset register on consecutive clock cycles. 
Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values After Reset 





wy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 5-201 


SN74ACT3632 © | | 
512 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 


SCAS224B — JUNE 1992 —- REVISED SEPTEMBER 1994 


aa te ———_——_» 
_ [© tw(CLKH) on tw(CLKL) + 


| | 


7 | | | | 
IRA SS ee ee | : 
tsu(EN) le teu th(EN) | | | | 


nae 
| | tsu(EN) Her th(EN) | | | 

Wifi VALLLLLLL SN 
tsu(EN) a th(EN) | | 


~ th(EN) tyeNy K——») |“ thie) : 
NAAR VS LLLLLL£L2 


tsu(EN) th(EN) — tsu(EN) 


















SC No Operation SS 


SS fy Ly oN oY ZN oN LN 


T Written to FIFO1 
Figure 3. Port-A Write-Cycle Timing for FIFO1 


ae tp ——_-_— 
(© tw(CLKH) i tw(CLKL) + 


| | | | : 
IRB | | | | 





teu(en) ¢ —+1eu theeny) a | 

CSB — | 95 | | as 
tsu(EN) (¢———*#* th(EN) | ! | 

WRB INNAAAAAAAANN | ERD 7 | | | | LIZZZZZZZ. 
tsu(EN) (¢*——>1¢4 th(EN) | | | ! 

MBB | 
tsu(EN) th(EN) — tsu(EN) * THEN) teueny #——» /*~ REN) 























ee OSLLLLILLLLY OS ESEOLECES NANANASSSY ED SASSISSS 
tsu(D) +e re th(D) 
BO-B35 SSOOOOOOOIO OK _ WIT REO _W2T_EXKKKKKIOOLS 


T Written to FIFO2 | ; 
Figure 4. Port-B Write-Cycle Timing for FIFO2 
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*——— te + 
i tw(CLKH) le twiCLKL) is 
CLKA 

| 


| 


}¢——>| tsu(EN) | 
MBA | | | 
| | I— th(EN) tsu(EN) th(EN) —_ tsu(EN) leo th(EN) 
ENA ALS LLLLLLL GA L RSS | ROADS — WLLLLLLL 
baal fo | ar ! ia Operation sie tdis 
A0-A95 SOX__wit__ XK wat XC SS 


T Read from FIFO2 
Figure 5. Port-A Read-Cycle Timing for FIFO2 


lt, —____» 
+ tw(CLKH) 1 twiCLKL) > 


| lg_— tsu(EN) | | 
MBB | | | | 
; | le— th(EN) tsu(EN)'¢——>/¢>1 th(EN) —_tsu(EN) 4 oll then) 


ENB ALLL LLL LLL ROCCO OOOOF QQ AS ILLLLLLLL, 





No 
t 
pd(M-Dv) | «>| Pesiuer 
peration lel tdis 
BO-B35 OOK __ wit Xt 


t Read from FIFO1 
Figure 6. Port-B Read-Cycle Timing for FIFO1 
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— te ae 
tw(CLKH) a tw(CLKL) 


CLKA / 
| | ! 


CSA _Low 3 | 


WIRA "High : : 
tsu(EN) es 7 ae 


MBA Ss | WWWqqarLaanneenneeZ_ 
su(EN) le— th(EN) | 
a EZ : AR a 
High | 
IRA g ee: HO) 


AO-AS5 OOOO WI ROOK OOO PAA LO ALA POMOLA LOTSA LOLOL LOLO OTE LOOO OOOO OOO eee ONO NO NE 
tsk1 TI — mH tc 
tw(CLKH) ca - mun 
Perr 4 l¢——_——->| Bacon 


ORB Old Data in FIFO1 Output Register fy | 
| | 
CSB Low ) | 
i 
WRB High | | 


| ! 
MBB Low | 


| tsu(EN) leo! [ thiEN) 
ENBOYLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL SWANASASSAAASAN 


k— ta 
BO-B35 Old Data in FIFO1 Output Register Ww1 






CLKB 


t tsk1 is the minimum time between a rising CLKA edge and a rising CLKB edge for ORB to transition high and to clock the next word to the FIFO1 
output register in three CLKB cycles. If the time between the rising CLKA edge and rising CLKB edge is less than tsk1.t the transition of ORB high 
and load of the first word to the output register may occur one CLKB cycle later than shown. 


Figure 7. ORB-Flag Timing and First-Data-Word Fallthrough When FIFO1 Is Empty 
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le— t, —+ 
tw(CLKH) <>) tw(CLKL) 
CLKB 
| 

CSB Low | | 
W/IRB__ Low : | 

tsu(EN | 

su( pee le- th(EN) 


wos SSM  sesesssessessssssesssssssssssssessssssLssssstssd 
su(EN) le- th(EN) 


a 
IRB High tou | 
mt ne l¢— th(D) 


ee eee PS ll. mv Ll yee ay ww wy ww vw ww wv ww w wv vwweiweie’www@wtwwiwiwsiwésiw#étiws*if wtf le le ee. mh 










BO-—B35 





te 


tert \+—_—_—_+ | 
a tw(CLKH)}—> >a | tw(CLKL) 
CLKA 1 2 3 
tpd(C-OR) ——s l¢———-»} tpd(c-oR) 


ORA Oid Data in FIFO2 Output Register f —— 
| 


CSA Low : | 
_ | | 
W/RA Low | ! 
| 


MBA Low | 


a ee 
tsu(EN) le») [* th(EN) 
ENA ALLL LKKLLLLLLILLLILLILLLILLILLLLLZ ~~ *SSSSSSSSSSSYWwYWS 


k— tp —> 
A0—A35 Old Data in FIFO2 Output Register Ww1 


tT tsk1 is the minimum time between a rising CLKB edge and a rising CLKA edge for ORA to transition high and to clock the next word to the FIFO2 
output register in three CLKA cycles. If the time between the rising CLKB edge and rising CLKA edge is less than tsk1, the transition of ORA high 
and load of the first word to the output register may occur one CLKA cycle later than shown. 


Figure 8. ORA-Flag Timing and First-Data-Word Fallthrough When FIFO2 Is Empty 
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tw(CLKH) ‘*$——1-—_—+— tw(CLKL) 
| | 
CSB. Low . 
WRB High. | 
MBB Low | 

tsu(EN) e— ole th(EN) _ 
ENB (ZZ TN | 
ee er ae AL | Sere care nN ve ne eee ee 
ORB High | 
le— ta —o 


ae ETT | inn 
BO-—B35 Previous Word in FIFO1 Output Register X Next Word From FIFO1 


«— tskit , te el 
tw(CLKH) Ss tw(CLKL) 
CLKA | : 2 
tod(C-IR) «>| lt ——+| tpac-ir) 


IRA FIFO1 Full a 
| 


CSA Low . | . 


pea pt ES Se SR RE eR A ESS 
WIRA High 
: tsu(EN) ttle th(EN) 


MBA SOOO RRR HAAN VWILLLLLLLLLLLL 
| | | tsu(EN) th(EN) 
ENA YSASSLKLLLLLILLLLLLILLILLELLLZLLLZZ 2222224 | NO OOOOH 


| tsu(D) + th(D) 


A0—A35 





To FIFO1 


T tg7 is the minimum time between a rising CLKB edge anda rising CLKA edge for IRA to transition high in the next CLKA cycle. Ifthe time between 
the rising CLKB edge and rising CLKA edge is less than ts,1, IRA may transition high one CLKA cycle later than shown. 


Figure 9. IRA-Flag Timing and First Available Write When FIFO1 Is Full 
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eer 


tw(CLKH) $14 tw(CLKL) 
GA J Re FCN YO Ne FCN FSS NR 


| 
CSA Low | 


| 
W/RA _Low | 


| * 
MBA Low | 


tsu(EN) |e —vles! th(EN) 


Perc eT ee a Oe ee ee ee ee ore nS 


ORA High | 
le— ta —>| 


TAT | a SE 
A0-A35 Previous Word in FIFO2 Output Register X Next Word From FIFO2 


— tskit a rr 
| tw(CLKL) 
2 


tw(CLKH) 
CLKB 1 
| tpd(c-IR) >} lt >| tpq(c-iR) 
IRB FIFO2 Full a rs. 
| 
CSB Low | 











i ade, 
MBB XOXO MARA | 
tsu(EN) (¢ th(EN) _ 
ENB q NA YAAYAAAAYI 
<+! thio) 
BO=BSS 3055555555555 SO SOS S55 





To FIFO2 


t tsk1 is the minimum time between a rising CLKA edge and a rising CLKB edge for IRB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than ts4, IRB may transition high one CLKB cycle later than shown. 


Figure 10. IRB-Flag Timing and First Available Write When FIFO2 Is Full 
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CLKA 


teiEN) => —~ th(EN) | - | 
ENA | 
@—tskot -o | | 
sige NJ NE Ne FO Ne Ne fe 
| le tpac-Ae) >| tod(C-AE) >} 


AEB _ Xi Wordsin FIFO1 (X1 + 1) Words in FIFO1 
t | l¢— th(EN) 


su(EN) 


t tsk2 is the minimumtime between a rising CLKA edge anda rising CLKB edge for AEB to transition high inthe next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than tsk, AEB may transition high one CLKB cycle later than shown. 
NOTE A: FIFO1 write (CSA =L, W/RA =H, MBA =L), FIFO1 read (CSB = L, W/RB = H, MBB = L). Data in the FIFO1 output register has been 
read from the FIFO. 


Figure 11. Timing for AEB When FIFO1 Is Almost Empty 


| ~ th(EN) 


|. — 
tsu(EN | 
ENB | . 


| tpd(C-AE) «> tpd(C-AE) 9 
AE X2 Words in FIFO2 (X2 + 1) Words in die 
2 le— th(EN) 


| tsu(EN) | | | 
ENA 


T tsko is the minimum time between arising CLKB edge anda rising CLKA edge for AEA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than tsx9, AEA may transition high one CLKA cycle later than shown. ; 

NOTE A: FIFO2 write (CSB = L, W/RB = L, MBB = L), FIFO2 read (CSA = L, W/RA =L, MBA = L). Data i in the FIFO2 output register has bean 
read from the FIFO. 


Figure 12. Timing for AEA When FIFO2 Is Almost Empty 
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tpd(c-AF) —}¢———» | tpd(C-AF) ————_4 


ee | 
AFA [512 —(¥1 + 1)] Words in FIFO1 (512 — Y1) Words in FIFO1 


en fT NST 
teu(EN) | - ke th(EN) 
ENB AELEE ME NN 


t tsk2 is the minimum time between a rising CLKA edge and arising CLKB edge for AFA to transition highin the next CLKA cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than tsx2, AFA may transition high one CLKB cycle later than shown. 
NOTE A: FIFO1 write (CSA =L, W/RA = H, MBA = L), FIFO1 read (CSB = L, W/RB = H, MBB = L). Data in the FIFO1 output register has been 
read from the FIFO. 


Figure 13. Timing for AFA When FIFQO1 Is Almost Full 






tod(C-AF) st tod(C-AF) le ce 
FB [512 —(Y2 + 1)] Words in FIFO2 612 — Y2) Words in FIFO2 7 


CLKA eae Ne ey TF Te 
teu(EN) | lt— th(EN) 
ENA OCU. ON 


t tska is the minimum time between a rising CLKB edge and a rising CLKA edge for AFB to transition high in the next CLKB cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than tsk2, AFB may transition high one CLKA cycle later than shown. 
NOTE A: FIFO2 write (CSB = L, W/RB= L, MBB = L), FIFO2 read (CSA = L, W/RA = L, MBA =L). Data in the FIFO2 output register has been 
read from the FIFO. 


Figure 14. Timing for AFB When FIFO2 Is Almost Full 
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FIFO1 Output Register 


Figure 15. Timing for Mail1 Register and MBF1 Flag : 
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Figure 16. Timing for Mail2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)tT 


Supply-Vollage FaNGe). VEC: custo nthineiiweds Guahemorasleaeteieerntogasctaneneeniers -0.5Vto7V 
Input voltage range, V; (see Note 1) ......... eee eee ee eee eee eet iteate alate se ae —0.5 V to Voc + 0.5 V 
Output voltage range, Vo (see Note 1) ......... eee eens -0.5 V to Veo + 0.5 V 
Input clamp current, Iq (Vj <O Or Vi >Voc) 0... cece cece eect eee e eee teee en eennae +20 mA 
Output clamp current, lox (VQ <O Or VQO>Vec) ..-. cee eee nee tenet eens +50 mA 
Continuous output current, Io (Vo =O tO Voc) ... 6. eee eee teen eee +50 mA 
Continuous current through Voc or GND .... 2... cence ence eens ante wena lie +400 mA 
Operating free-air temperature range, Ta «1... eee eee eee eee eet tence teen eens 0°C to 70°C 
Storage temperature range .............. eee eee ee eee oo ican daha ih eiinias Goa h eh coa ts —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 


recommended operating conditions 


ee 6 Cie 
Woo Supyvotage——SCSC~—SCSC“SC—“‘S‘“‘“‘<;<CS;SSt el 
a 
[Vix _Low-levelinputvotage SSCS 
lon Highlevelouputourent SSS fm 
fio, _Lowdevelouiputourent SSCS 
[Tq Operating ten-artemperate——SSSSCSCSCSCSCSSSCSCSCSCSCSSCSCTTCCSY 7 vo 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


[Vor [Weo=48v, tonsa SSOSCS—SSSOSSCSCSCSCSCSS— 
[eo =85¥. i= Vogord nr) ar 
a ec a 
Ravn aoa [OT 

[eSe=Viy feo-ess [ios 

[ese= vu feoress [SS 
LL 

































Voc = 5.5 V, One input at 3.4 V, 
Other inputs at Voc or GND 


T All typical values are at Voc = 5 V, Ta = 25°C. 
+ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 / or VCC: 


timing requirements over recommended ranges of supply voltage and operating free-air 


‘ACT3632-15 | ‘ACT3632-20 eer UNIT. 


temperature (see Figures 1 through 16) 


clock Clock frequency, CLKA or CLKB 


Clock cycle time, CLKA or CLKB 
2 CLKH) Pulse duration, CLKA and CLKB high 
tw(CLKL) _ Pulse duration, CLKA and CLKB low 
tsu(D Setup time, AO—A35 before CLKAT and BO—B35 before CLKBT 


t Setup time, CSA, W/RA, ENA, and MBA before CLKAT; CSB, 
su(EN) —§ W/RB, ENB, and MBB before CLKBT 


tsu(RS Scum time, RST1 or RST2 low before CLKAT or or ee 


t Hold ne CSA, W/RA, ENA, and MBA after CLKAT:; CSB, W/RB, 
h(EN) ENB, and MBB after CLKBT 


thiRS Hold time, RST1 or RST2 low after CLKAT or CLKBTS 


4 5 
th(FS Hold time, FSO and FS1 after RST1 and RST2 high ae ee eee ee eee ee 


tea Skew time between CLKAT and CLKBT for ORA, ORB, 
sk1 IRA, and IRB 


terol Skew time between CLKAT and CLKBT for AEA, AEB, 
sk2 AFA, and AFB 


§ Requirement to count the clock edge as one of at least four needed to reset a FIFO 
‘I Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 30 pF (see Figures 1 through 16) 


‘ACT3632-15 | ‘ACT3632-20 "ACT3632-40 
PARAMETER [MIN MAX| MIN MAX| MIN MAX. UNIT . 


Access time, CLKAT to AO—A35 and CLKBT to BO B35 an a a 
29 C-IR Propagallon egavt time, CLKAT to IRA and CLKBT to IRB 28 


t Propagation delay time, “CLKAT to MBF1 low or MBF2 high and 

pd(C-MF) ~—CLKBT to MBF2 low or MBF1 high | 
Propagation delay time, CLKAT to BO-B35t and CLKBT to 

tod(C-MR) AO—A35t 3. 13.5 3 15 3 17 
Propagation delay time, MBA to AO—A35 valid and MBB to 


; | Propagation delay time, RST1 low to AEB low, AFA high, and 
pd(R-F) = MBFi high and RST2 low to AEA low, AFB high, and MBF2 high 





































' Disable time, CSA or W/RA high to AO—A35 at high impedance 
dis. and CSB high or W/RB low to BO-B35 at high impedance 


tT Writing data to the mail1 register when the BO—B35 outputs are active and MBB is high. 
+ Writing data to the mail2 register when the AO—A35 outputs are active and MBA is high. 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
VS 
CLOCK FREQUENCY 


300 





Ta = 75°C 
250 |+- Cy = 0 pF 


loon — Supply Current - mA 


felock — Clock Frequency — MHz 


Figure 17 


calculating power dissipation 


The I¢c f) current for the graph in Figure 17 was taken while simultaneously reading and writing a FIFO on the 
SN74ACT3632 with CLKA and CLKB set to foiogk- All data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel and the number of SN74ACT3632 
inputs driven by TTL high levels are known, the power dissipation can be calculated with the equation below. 


With Iccf taken from Figure 17, the maximum power dissipation (P7) of the SN74ACT3632 can be calculated 
by: 


Pt = Voc * [loci + (N x Aloc x de)] + X(CL x Voc?2 x fo) 


where: 

N- = = number of inputs driven by TTL levels 

Aloc = increase in power supply current for each input at a TTL high level 
dc = _ duty cycle of inputs at a TTL high level of 3.4 V 

CL = output capacitive load 

fo = switching frequency of an output 


When no reads or writes are occurring on the SN74ACT3632, the power dissipated by a single clock (CLKA or 
CLKB) input running at frequency foiock is calculated by: 


Pr = Voc * folock X 0.184 mA /MHz 
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PARAMETER MEASUREMENT INFORMATION 


5V 
1.1 kQ 
From Output 
Under Test 
(see Note A) 
LOAD CIRCUIT 
——-— 8V 
Timing 1.5V se High-Level 1.5V 1.5V 
Input : Input 
+ ——— — — GND | | | GND 
tsy 14-1 th © — ty — 
+——— 3V | | 
Data | 3V 
1.5V 1.5V | | 
Enable 7 1- : Low-Level 1.5V 1.5V 
Input GND | Input f__._._ @np 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS | 
SETUP AND HOLD TIMES PULSE DURATIONS 
C—O 3V 
Output 
Enable 15V | 1.5V 
=| | | GND 
> iz i PA 
Low-Level | | or ee ieee ee eI 3V 
Output | | j Input 1.5V —&15V 
| | ae l¢— tpzH bas a | oe 
| VoH tod l¢—?+ tog 
High-Level yh es VoH 
Output | | 1.5V In-Phase 
| | : ———— =0V Output 1.5V 1.5V 
—> | tpHz VOL 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS _ 
ENABLE AND DISABLE TIMES PROPAGATION DELAY TIMES 


NOTE A: Includes probe and jig capacitance 
Figure 18. Load Circuit and Voltage Waveforms 
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@ Free-Running CLKA and CLKB Can Be ® Output-Ready (OR) and Almost-Empty (AE) 
Asynchronous or Coincident Flags Synchronized by CLKB 
®@ Clocked FIFO Buffering Data From Port A @ Low-Power 0.8-Micron Advanced CMOS 
to Port B Technology 
@ Memory Size: 1024 x 36 @ Supports Clock Frequencies up to 67 MHz 
®@ Synchronous Read Retransmit Capability @ Fast Access Times of 11 ns 
®@ Mailbox Register in Each Direction @ Pin-to-Pin Compatible With the 
@ Programmable Almost-Full and SN74ACT3631, and SN74ACT3651 
Almost-Empty Flags @ Available in Space-Saving 120-Pin Thin 
® Microprocessor Interface Control Logic Quad Flat Package (PCB) or 132-Pin Plastic 
©@ Input-Ready (IR) and Almost-Full (AF) Flags Quad rabeackadee9) 
Synchronized by CLKA 
PCB PACKAGE 
(TOP VIEW) 
Zz 
a) Ciac\< Oo ok#LrEASg>EBH=SS0 MOKOMaeaye o 
oS SES x Suw SBERSB DEE SoS SES BESS o 
tt Tt tT EL tt tt 
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description 


The SN74ACT3641 is a high-speed, low-power, CMOS clocked FIFO memory. It supports clock frequencies 
up to 67 MHz and has read access times as fast as 12 ns. The 1024 x 36 dual-port SRAM FIFO buffers data 
from port A to port B. The FIFO memory has retransmit capability, which allows previously read data to be 
accessed again. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost 
full and almost empty) to indicate when a selected number of words is stored in memory. Communication 
between each port can take place with two 36-bit mailbox registers. Each mailbox register has a flag to signal 
when new mail has been stored. Two or more devices can be used in parallel to create wider data paths. 
Expansion is also possible in word depth. 


The SN74ACT3641 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple interface between microprocessors 
and/or buses with synchronous control. 


The input-ready (IR) flag and almost-full (AF) flag of the FIFO are two-stage synchronized to CLKA. The 
output-ready (OR) flag and almost-empty (AE) flag of the FIFO are two-stage synchronized to CLKB. Offset 
values for the almost-full and almost-empty flags of the FIFO can be programmed from port A or through a serial 


input. | 


functional block diagram 
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Terminal Functions 


TERMINAL 
NAME vo | DESCRIPTION 


AO-A35 Port-A data. The 36-bit bidirectional data port for side A. 
AE Almost-empty flag. Programmable flag synchronized to CLKB. AE is low when the number of words in the FIFO is less 
than or equal to the value in the almost-empty offset register (X). 
= Almost-full flag. Programmable flag synchronized to CLKA. AF is low when the number of empty locations in the FIFO 
AF Ome ; | 
is less than or equal to the value in the almost-full offset register (Y). 
BO-B35 Port-B data. The 36-bit bidirectional data port for side B. 
eer ae Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and.can be asynchronous 


or coincident to CLKB. IR and AF are synchronous to the low-to-high transition of CLKA. 
eas 
























Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous | 
or coincident to CLKA. OR and AE are synchronous to the low-to-high transition of CLKB. : 
Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-—A35 outputs are in the high-impedance state when CSA is high. 


Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
BO-B35 outputs are in the high-impedance state when CSB is high. 


| ENA [ 1 | Port-A master enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. - 
| ENB =o Port-B master enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


Flag offset select 1/serial enable, flag offset select 0/serial data. FS1/SEN and FSO/SD are dual-purpose inputs used 
for flag offset register programming. During a device reset, FS1/SEN and FSO/SD select the flag offset programming 
method. Three offset register programming methods are available: automatically load one of two preset values, parallel 
load from port A, and serial load. 




















FS1/SEN, 


_ FSO/SD When serial load is selected for flag offset register programming, FS1/SEN is used as an enable synchronous to the 


low-to-high transition of CLKA. When FS1/SEN is low, a rising edge on CLKA loads the bit present on FSO/SD into the 
X and Y offset registers. The number of bit writes required to program the offset registers is 20. The first bit write stores 
the Y-register MSB and the last bit write stores the X-register LSB. 


Input-ready flag. IR is synchronized to the low-to-high transition of CLKA. When IR is low, the FIFO is full and writes to 
its array are disabled. When the FIFO is in retransmit mode, IR indicates when the memory has been filled to the point 
of the retransmit data and prevents further writes. IR is set low during reset and is set high after reset. 






BO-—B35 outputs are active, a high level on MBB selects data from the mail1 register for output and a low level selects 
FIFO data for output. _ | 

Mail’ register flag. MBF1 is set low by the low-to-high transition of CLKA that writes data to the mail1 register. MBF 1 
is set high by a ie transition of CLKB when a port-B read is selected and MBB is high. MBF1 is set high by a 
reset. 

Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. MBF2 
is set high by a low-to-high transition of CLKA when a port-A read is selected and MBA is high. MBF2 is set high by a 
reset. | 


po Output-ready flag. OR is synchronized to the low-to-high transition of CLKB. When OR is low, the FIFO is empty and 


had Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
MBB 





reads are disabled. Ready data is present in the output register of the FIFO when OR is high. OR is forced low during 
the reset and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory. 








Read from mark. When the FIFO is in retransmit mode, a high on RFM enables a low-to-high transition of CLKB to reset 
the read pointer to the beginning retransmit location and output the first selected retransmit data. 














Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur while 
RST is low. The low-to-high transition of RST latches the status of FSO and FS1 for AF and AE offset selection. 


Retransmit mode. When RTM is high and valid data is present in the FIFO output register (OR is high), a low-to-high 
transition of CLKB selects the data for the beginning of a retransmit and puts the FIFO in retransmit mode. The selected 
word remains the initial retransmit point until a low-to-high transition of CLKB occurs while RTM is low, taking the FIFO 

out of retransmit mode. , | 
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Terminal Functions (Continued) 


TERMINAL 
NAME DESCRIPTION 


Port-B write/read select. A low on W/RB selects a write operation and a high selects a read | operation on port B for a 
low-to-high transition of CLKB. The BO—B35 outputs are in the high-impedance state when W/RB is low. 


W/BA Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The AO—A35 outputs are in the high-impedance state when W/RA is high. 





detailed description 


reset 


The SN74ACT3641 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. The reset input can switch asynchronously to the clocks. A reset 
initializes the memory read and write pointers and forces the input-ready (IR) flag low, the output-ready (OR) 
flag low, the almost-empty (AE) flag low, and the almost-full (AF) flag high. Resetting the device also forces the 
mailbox flags (MBF1, MBF2) high. After a FIFO is reset, its input-ready flag is set high after at least two clock 
cycles to begin normal operation. A FIFO must be reset after power up before data is written to its memory. 





almost-empty flag and almost-full flag offset programming 


Two registers in the SN74ACT3641 are used to hold the offset values for the almost-empty and almost-full flags. 
The almost-empty (AE) flag offset register is labeled X, and the almost-full (AF) flag offset register is labeled Y. 
The offset registers can be loaded with a value in three ways: one of two preset values are loaded into the offset 
registers, parallel load from port A, or serial load. The offset register programming mode is chosen by the flag 
select (FS1, FSO) inputs during a low-to-high transition on the RST input (see Table 1). 


Table 1. Flag Programming 


/Fsi_| Fso | RST | XANDYREGISTERST 


H H a | Serial load 
H L T I 

L H T 

L L 1: 


64 
8 

Tx register holds the offset for AE; Y register holds the 

offset for AF. 











Parallel load from port A 





preset values 


If a preset value of 8 or 64 is chosen by the FS1 and FSO inputs at the time of a RST low-to-high transition 
according to Table 1, the preset value is automatically loaded into the X and Y registers. No other device 
initialization is necessary to begin normal operation, and the IR flag is set high after two low-to-high transitions 
on CLKA. 


parallel load from port A 


To program the X and Y registers from port A, the device is reset with FSO and FS1 low during the low-to-high 
transition of RST. After this reset is complete, the IR flag is set high after two low-to-high transitions on CLKA. 
The first two writes to the FIFO do not store data in its memory but load the offset registers in the order Y, X. 
Each offset register of the SN74ACT3641 uses port-A inputs (A9—A0). Data input AQ is used as the most 
significant bit of the binary number. Each register value can be programmed from 1 to 1020. After both offset 
registers are programmed from port A, subsequent FIFO writes store data in the SRAM. 
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serial load 


To program the X and Y registers serially, the device is reset with FS0/SD and FS1/SEN high during the 
low-to-high transition of RST. After this reset is complete, the X and Y register values are loaded bitwise through 
the FSO/SD input on each low-to-high transition of CLKA that the FS1/SEN input is low. 20-bit writes are needed 
to complete the programming for the SN74ACT3641. The first-bit write stores the most significant bit of the 
Y register, and the last-bit write stores the least significant bit of the the X register. Each register value can be 
programmed from 1 to 1020. | 


When the option to program the offset registers serially is chosen, the input-ready (IR) flag remains low until all 
20 bits are written. The IR flag is set high by the low-to-high transition of CLKA after the last bit is loaded to allow 
normal FIFO operation. 


FIFO write/read operation 


The state of the port-A data (AO—A35) outputs is controlled by the port-A chip select (CSA) anc and the port-A 
write/read select (W/RA). The AO—A35 outputs are in the high-impedance state when either: CSA or W/RA is 
high. The AO—A35 outputs are active when both CSA and W/RA are low. 


Data is loaded into the FIFO from the AO—A35 inputs on a low-to-high transition of CLKA when CSA and the 
port-A mailbox select (MBA) are low, W/RA, the port-A enable (ENA), and the input-ready (IR) flag are high (see 
Table 2). Writes to the FIFO are independent of any concurrent FIFO reads. 


Table 2. Port-A Enable Function Table 


eae [wa [ews [wen [euxa | nocnasourrs —[PoaruncTn 


X In high-impedance state None 




















None 
FIFO write 
Mail1 write 


In high-impedance state 

In high-impedance state 

In high-impedance state 
Active, mail2 register 















None 
- None 





Active, mail2 register 





None 
Mail2 read (set MBF2 high) 


Active, mail2 register 





Active, mail2 register 


The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/read select (W/RA). The state of the 2 port-B data (BO—B35) outputs is 
controlled by the port-B chip select (CSB) and the port-B write/read select (W/RB). The BO—B35 outputs are | 
in the high-impedance state when either CSB is high or W/RB is low. The BO—B35 outputs are active when CSB 
is low and W/RB is high. 


Data is read from the FIFO to its output register on a low-to-high transition of CLKB when CSB and the port-B 
mailbox select (MBB) are low, W/RB, the port-B enable (ENB), and the output-ready (OR) flag are high (see 
Table 3). Reads from the FIFO are independent of any concurrent FIFO writes. 
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FIFO write/read operation (continued) 


Table 3. Port-B Enable Function Table 


SSS fone eve fovea fees | ens ornare __|_Ponreanerion 


In high-impedance state None 


















In high-impedance state None 







In high-impedance state None 





Mail2 write 
None 
FIFO read 
None 
Mail1 read (set MBF1 high) 


In high-impedance state 







Active, FIFO output register 





Active, FIFO output register 






Active, mail1 register 


| ca a | ioe ni! Gm emcee? 
Ir-greiitr x 
7K NOK IDIOT OK OK 





he, der eke ok I UE EE ES 





Active, mail1 register 


The setup- and hold-time constraints to the port clocks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. Ifa 
port enable is low during a clock cycle, the port chip select and write/read select can change states during the 
setup- and hold-time window of the cycle. 


When the output-ready (OR) flag is low, the next data word is sent to the FIFO output register automatically by 
the CLKB low-to-high transition that sets the output-ready flag high. When OR is high, an available data word 
is clocked to the FIFO output register only when a FIFO read is selected by the port-B chip select (CSB), 
write/read select (W/RB), enable (ENB), and mailbox select (MBB). 


synchronized FIFO flags 


Each FIFO is synchronized to its port clock through at least two flip-flop stages. This is done to improve the flags’ 
reliability by reducing the probability of metastable events on their outputs wnen CLKA and CLKB operate 
asynchronously to one another (see the application report Metastability Performance of Clocked FIFOs in the 
1994 High-Performance FIFO Memories Data Book, literature #SCAD003B). OR and AE are synchronized to 
CLKB. IR and AF are synchronized to CLKA. Table 4 shows the eaeeene of each flag to the number of words 
stored in memory. 


Table 4. FIFO Flag Operation 


SYNCHRONIZED | SYNCHRONIZED 
eee tt. |__TOGLKB TO CLKA 


0 
1 to X 
(X + 1) to [1024 -(Y + 1)] 
(1024 — Y) to 1023 
1024 



















t X is the almost-empty offset for AE. Y is the almost-full offset for AF. 
+ When a word is present in the FIFO output register, its previous memory 
location is free. 
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output-ready flag (OR) 


The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array (CLKB). When 
the output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, 
the previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 


A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+1, or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of CLKB; therefore, an output-ready flag is low if a word 
in memory is the next data to be sent to the FIFO output register and three CLKB cycles have not elapsed since 
the time the word was written. The output-ready flag of the FIFO remains low until the third low-to-high transition 
of CLKB occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output 
register. 


A low-to-high transition on CLKB begins the first synchronization cycle of a write if the clock transition 
occurs at time ts,(1) or greater after the write. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (see Figure 6). 


input-ready flag (IR) 


The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array (CLKA). When the 
input-ready flag is high, a memory location is free in the SRAM to write new data. No memory locations are free 
when the input-ready flag is low and attempted writes to the FIFO are ignored. 


Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full—1, or full-2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of three cycles of CLKA; therefore, an input-ready flag is low if less than two cycles 
of CLKA have elapsed since the next memory write location has been read. The second low-to-high transition 
on CLKA after the read sets the input-ready flag high, and data can be written in the following cycle. 


A low-to-high transition on CLKA begins the first synchronization cycle of a read if the clock transition 
occurs at time tsx(4) or greater after the read. Otherwise, the subsequent CLKA cycle can be the first 
synchronization cycle (see Figure 7). 


almost-empty flag (AE) 


The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array (CLKB). The 
state machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that 
indicates when the FIFO SRAM status is almost empty, almost empty+1, or almost empty+2. The almost-empty 
state is defined by the contents of register X. This register is loaded with a preset value during a FIFO reset, 
programmed from port A, or programmed serially (see a/most-empty flag and almost-full flag offset 
programming). The almost-empty flag is low when the FIFO contains X or less words and is high when the FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 


- Two low-to-high transitions of CLKB are required after a FIFO write for the almost-empty flag to reflect the new 
level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) or more words remains low if two cycles 
of CLKB have not elapsed since the write that filled the memory to the (X + 1) level. An almost-empty flag is set 
high by the second low-to-high transition of CLKB after the FIFO write that fills memory to the (X + 1) level. 
A low-to-high transition of CLKB begins the first synchronization cycle if it occurs at time tg,(2) or greater after 
the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (see Figure 8). 
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almost-full flag (AF) 


The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array (CLKA). The state 
machine that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost full, almost full-1, or almost full-2. The almost-full state is defined by 
the contents of register Y. This register is loaded with a preset value during a FIFO reset, programmed from port 
A, or programmed serially (see almost-empty flag and almost-full flag offset programming). The almost-full flag 
is low when the number of words in the FIFO is greater than or equal to (1024 — Y). The almost-full flag is high 
when the number of words in the FIFO is less than or equal to [1024 — (Y + 1)]. A data word present in the FIFO 
Output register has been read from memory. 


Two low-to-high transitions of CLKA are required after a FIFO read for its almost-full flag to reflect the new level 
of fill. Therefore, the almost-full flag of a FIFO containing [1024 — (Y + 1)] or less words remains low if two cycles 
of CLKA have not elapsed since the read that reduced the number of words in memory to [1024 — (Y + 1)]. An 
almost-full flag is set high by the second low-to-high transition of CLKA after the FIFO read that reduces the 
number of words in memory to [1024 — (Y + 1)]. A low-to-high transition of CLKA begins the first synchronization 
cycle if it occurs at time tsx(2) or greater after the read that reduces the number of words in memory to 
[1024 — (Y + 1)]. Otherwise, the subsequent CLKA cycle can be the first synchronization cycle (see Figure 9). 


synchronous retransmit 


The synchronous retransmit feature of the SN74ACT3641 allows FIFO data to be read repeatedly starting at 
a user-selected position. The FIFO is first put into retransmit mode to select a beginning word and prevent 
on-going FIFO write operations from destroying retransmit data. Data vectors with a minimum length of three 
words can retransmit repeatedly starting at the selected word. The FIFO can be taken out of retransmit mode 
at any time and allow normal device operation. 


The FIFO is put in retransmit mode by a low-to-high transition on CLKB when the retransmit mode (RTM) input 
is high and OR is high. This rising CLKB edge marks the data present in the FIFO output register as the first 
retransmit data. The FIFO remains in retransmit mode until a low-to-high transition occurs while RTM is low. 


When two or more reads have been done past the initial retransmit word, a retransmit is initiated by a low-to-high 
transition on CLKB when the read-from-mark (RFM) input is high. This rising CLKB edge shifts the first 
retransmit word to the FIFO output register and subsequent reads can begin immediately. Retransmit loops can 
be done endlessly while the FIFO is in retransmit mode. RFM must be low during the CLKB rising edge that takes 
the FIFO out of retransmit mode. 


When the FIFO is put into retransmit mode, it operates with two read pointers. The current read pointer operates 
normally, incrementing each time a new word is shifted to the FIFO output register and used by the OR and AE 
flags. The shadow read pointer stores the SRAM location at the time the device is put into retransmit mode and 
does not change until the device is taken out of retransmit mode. The shadow read pointer is used by the IR 
and AF flags. Data writes can proceed while the FIFO is in retransmit mode, but AF is set low by the write that 
stores (1024 — Y) words after the first retransmit word. The IR flag is set low by the 1024th write after the first 
retransmit word. 


When the FIFO is in retransmit mode and RFM is high, a rising CLKB edge loads the current read pointer with 
the shadow read-pointer value and the OR flag reflects the new level of fill immediately. If the retransmit changes 
the FIFO status out of the almost-empty range, up to two CLKB rising edges after the retransmit cycle are 
needed to switch AE high (see Figure 11). The rising CLKB edge that takes the FIFO out of retransmit mode 
shifts the read pointer used by the IR and AF flags from the shadow to the current read pointer. If the change 
of read pointer used by IR and AF should cause one or both flags to transition high, at least two CLKA 
synchronizing cycles are needed before the flags reflect the change. A rising CLKA edge after the FIFO is taken 
out of retransmit mode is the first synchronizing cycle of IR if it occurs at time ts,(4) or greater after the rising 
CLKB edge (see Figure 12). A rising CLKA edge after the FIFO is taken out of retransmit mode is the first 
synchronizing cycle of AF if it occurs at time tsk(2) or greater after the rising CLKB edge (see Figure 14). 
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mailbox registers 


Two 36-bit bypass registers are on the SN74ACT3641 to pass command and control information between portA 
and port B. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO for a port data 
transfer operation. A low-to-high transition on CLKA writes AO—A35 data to the mail register when a portA write 
is selected by CSA, W/RA, and ENA with MBA high. A low-to-high transition on CLKB writes BO—B35 data to 
the mail2 register when a port-B write is selected by CSB, W/RB, and ENB with MBB high. Writing data to a mail 
register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored while 
its mail flag is low. | 








When the port-B data (BO—B35) outputs are active, the data on the bus comes from the FIFO output register 
when the port-B mailbox select (MBB) input is low and from the mail1 register when MBB is high. Mail2 data 
is always present on the port-A data (AO—A35) outputs when they are active. The mail1 register flag (MBF1) 
is set high by a low-to-high transition on CLKB when a port-B read is selected by CSB, W/RB, and ENB with 
MBB high. The mail2 register flag (MBF2) is set high by a low-to-high transition on CLKA when a port-A read 
is selected by CSA, W/RA, and ENA with MBA high. The data in a mail register remains intact after it is read 


and changes only when new data is written to the register. 


GLKA fo Ne Nee Nae NT NT OS OT 
- 
| | 2 le thyrs) | | 


CLKB | 


J | 
ol fe touirs) | re) | 


eee eee |. tours) ey | 
RST | | , ! 
| 


FS1, FSO ROOOOOONNNTOK Ot MII HTS 


tpa(C-IR) —— ! tpd(C-IR) ane 
IR ANNAANNSNNSSNSNASENNE | f 


| tpd(C-OR) —_—ol 


OR NNANANAAANAAAAAAAAAAANSNSSAAN : 


tod(R-F) |, ___+ 


AE SSN, | 
| tod(R-F) «| | 
IIIA ma iia 
tpd(R-F) # ——# 


Mrs LLLLLLLeSSSSSSS 
MBF , 


Figure 1. FIFO Reset Loading X and Y With a Preset Value of Eight 
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t | 
su(FS) TS le this) | 


| | 
FS1,FSO \\\\ 


tpa(c-IR) «# ——» | | 





A0—-A35 


AF Offset AEOffset First Word Stored in FIFO 
(Y) (X) 
NOTE A: CSA =L, W/RA =H, MBA = L. It is not necessary to program offset register on consecutive clock cycles. 


Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values From Port A 


l | | 
RST aa Sees ee eran aaa 
| | —_ 


! | ! tpa(C-IR) *—_— 


IR 


—>| |¢— th(SEN) 


+—— thsp)p——4 > | tn(sen) 
| +> | 


| 
tsu(FS) [+> tsu(SEN) 
FSSEN 7777/77 
| 
tsu(Fs) I> 
su( y >| 
FSOSD (A/S RIES 


tsu(SEN) | 















AF Offset AE Offset 
(Y) MSB (xX) LSB 


NOTE A: It is not necessary to program offset register bits on consecutive clock cycles. FIFO write attempts are ignored until IR is set high. 


Figure 3. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values Serially 
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| = te ———_—_— | 
tw(CLKH) Saale. en | tw(CLKL) 
! , 
| | | | 
ct A 
R High ; 
tsu(EN2) ++ th(EN2) ‘ | | 


CSA | | | 


tsu(EN2) + ren th(EN2) | | | 
W/RA 
| 
tsu(EN2) +e th(EN2) | | 
MBA SSS | A | | IZLLZZZZLLL 
- teu(EN4) «eo then) tsu(EN1) TENT) EN) [+— Th(EN1) 
ENA ALLL LLLLLLGA 1 YRS NANA VSLLLLLLL, 
tsu(D) le——vles] th(D) : 






A0-A35 GK No Operation OO 


ON LN ZN ON ANN AN ANN NIN AAT KT UFR A AAA Aaa) 


Figure 4. FIFO Write-Cycle Timing 


Fein eee, |e eee eee = 
tw(CLKH) ——— 
CLKB 


OR High | | 


tw(CLKL) 


| : 
MBB ~ ) | | 
| | tsu(EN1) tsu(EN1)! tsu(EN1) 
le 


| | : 
Efi | l¢— th(EN1) | —y  theny) | — fe then) 


ENB AYYLLLLLLLLL A | REE AW QQOQOOAA VLLLLLLLL, 













| N 
tpd(M-Dv) > : 
pd(M-DV) ee yl ! — ta oat a 2 Operation oe tdis 
e | 
| | 
BO-B35 Oe GE > CE | > Gn |< : 


Figure 5. FIFO Read-Cycle Timing 
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es 
_ tw(CLKh) +—¥e >) tw(CLKL) 


| 


| | 
W/RA High | | 
tsu(EN2) ee le th(EN2) 


MBA ZZ | VTL LLL 
su(EN1) le— th(EN1) 


a I; Cee ei | ot ann DREN ET NO UIE PT OSES TY 2 

IR High ;¢ l 
su) (¢— th(D) 
AO-A35 XXXKXXXK W1 KXXXXKX 
tw(CLKH) ao) tw(CLKL) 


CLKB 1 2 3 
tpd(C-OR) ani l¢«———-+»} tpa(c-OR) 


OR Old Data in FIFO Output Register a ee. ° 
| 


CSB Low l 
Tn 
WRB High | | 


| | 
MBB Low | | 


some 
su(EN1)lq—p)  {* th(EN1) 
ENB AX MLLSKLDLLLLLLILLLLLLLLLLLLLLLLZ LLL BA 


k#— ta —| 
BO—B35 Old Data in FIFO Output Register W1 











yr wT wv wv vw wa a wa wa a a TET aE eae a a ae a a ae a eee 


‘ tsk(1) is the minimum time between a rising CLKA edge and a rising CLKB edge for OR to transition high and to clock the next word to the FIFO 
output register in three CLKB cycles. If the time between the rising CLKA edge and rising CLKB edge is less than tsk(1), the transition of OR high 
and the first word load to the output register can occur one CLKB cycle later than shown. 


Figure 6. OR-Flag Timing and First-Data-Word Fallthrough When the FIFO Is Empty 
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| - | 
t ~——_—_»> It 
~ Ww(CLKh) ce | w(CLKL) 


| as 
CSB Low : . 

W/RB High | 

MBB Low | 


tsu(EN1) |< —vles! th(EN1) | | 
ENB ZZ SS : 
OR High _ SS 
ta — 


ar op Roget | nn ee 
BO-B35 FIFO Output Register Next Word From FIFO | 


| 
tek(1)t 
aie as aaa te | 
tw(CLKH) #1 tw(CLkL) 
CLKA 1 





Z . : 
We sccviminsitamenllttl oserennn tet comatose 


| 

CSA Low | 
————————————_——_—_—_—_—_—_—_—_—_————————_——_—_—_—_—_—_—_—_—_—_—_—————— 
ee ec a a SET RS ST SS es Ae A 


W/RA High | 
| teu(EN2) Pel theng) 
| | 
MB tt I LLLLLLLLL LLL, 
tsu(EN1) th(EN1) 
ENA UALLKLSLLLLLLLLLLLLLLiLLiLiLLLLL£zLL£L£L£L2£ 2h WANA 


tsu(b) ><! thyp) 






A0—-A35 


OF OF OF a OF ON a OD ON a OD SE OS OS nO TAS AS AS OG a SE GF GAS GaGa aGaGaGaGaGaGaGaGaGaGa’ & Gennes OA a0 AO a 2G aGaOaGaGaG aG aD a: 


tT tsk(1) is the minimum time between a rising CLKB edge and a rising CLKA edge for IR to transition high in the next CLKA cycle. Ifthe time between 
the rising CLKB edge and rising CLKA edge is less than ts 1), !R can transition high one CLKA cycle later than shown. 


Figure 7. IR-Flag Timing and First Available Write When the FIFO Is Full 
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CLKA 


A PO Oa aD 5a aI PE CE RR NS Ee Naa ee I an Can A a ae ee a ae EN a 9 A RO a eee OE ae SO oe 
tsu(EN1) ep! ff 'H(EN1) 
ENA | | ; 


— tsk(2)t 44 


Ke \ IONS SN 
tpd(C-AE) ++ tod(C-AE) > 


AE _ X Words in FIFO (X + 1) Words In FIFO 
\e— th(EN1) 


t iis. 
su(EN1) 
ENB LZZZZZ NAAN 


t tsk(2) is the minimum time between a rising CLKA edge and arising CLKB edge for AE to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than tsk(2), AE can transition high one CLKB cycle later than shown. 
NOTE A: FIFO write (CSA = L, W/RA = H, MBA =L), FIFO read (CSB = L, W/RB = H, MBB = L) 


Figure 8. Timing for AE When FIFO Is Almost Empty 


le— tgk(ayt 
CLKA | 1 2 
tsu(EN4) | le— th(EN1) , 
| 
| 
tpa(C-AF) > | tpd(C-AF) («41 
AF [1024-(Y + 1)] Words in FIFO \_(1024—Y) Words in FIFO 


gn a ene Sea ee OED, en ame Seem ae ee 
tsu(EN1) = a *h(EN1) 
ENB 


. tsk(2) is the minimum time between a rising CLKA edge and a rising CLKB edge for AF to transition high in the next CLKA cycle. Ifthe time between 
the rising CLKB edge and rising CLKA edge is less than tsx(2), AF can transition high one CLKA cycle later than shown. 
NOTE A: FIFO write (CSA =L, W/RA =H, MBA = L), FIFO read (CSB = L, W/RB = H, MBB = L) 


ENA 


Figure 9. Timing for AF When FIFO Is Almost Full 
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LA Ne ee PTT IO IE AY ae Oe OD I I Te eee a aE AD Te BO a TO ae Ee OP a a aa ee ORE AE aa 
tsu(EN1) |¢—Pe>} th(EN1) | a | | 


tsu(RM) }¢—!e>1_ th(RM) | | tsu(RM) lowe th(RM) 
RT | | 
| | 
| | tsu(RM) —?¢4|_ th(RM) | 
RFM | a | 
| 
| [ | | | | 
OR High | | | | ae 
le ta > e— ta —o le ta | le ta I 
BO-B35 wo Sr a, Cs | > GS | > 
Initiate Retransmit Mode Retransmit From End Retransmit 
With WO as First Word Selected Position Mode 


NOTE A: CSB =L, W/RB =H, MBB =L. No input enables other than RTM and RFM are needed to control retransmit mode or begin a retransmit. 
Other enables are shown only to relate retransmit operations to the FIFO output register. 


Figure 10. Retransmit Timing Showing Minimum Retransmit Length 


CLKB Te Ns Ne JN NF Ne 
~ | 
ee eee 
RTM High | | 
- ial th(RM) ! 
| 


tsu(RM) —+—,_ | 


|¢<———_»l— tpd(C-AE) 


| AE X or Fewer Words From Empty (X + 1) or More Words From Empty 


NOTE A: X is the value loaded in the almost-empty flag offset register. 
Figure 11. AE Maximum Latency When Retransmit Increases the Number of Stored Words Above X 
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le tsk(1)T —>| 


ry A cE £  O 
| tpd(C-IR) —— 


| ie 
IR FIFO Filled to First Retransmit Word } One or More Write Locations Available 


| 


| 
tsu(RM) |¢—»<—» th(RM) 


RTM 


t tsk(1) is the minimum time between a rising CLKB edge and a rising CLKA edge for IR to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than tsk(1), |R can transition high one CLKA cycle later than shown. 


Figure 12. IR Timing From the End of Retransmit Mode When One or More Write Locations Are Available 


le— tsk(2)f >} 


| tod(C-AE) *——>| 


. I 
AF (1024 — Y) or More Words Past First Retransmit Word ) (Y + 1) or More Write Locations Available 


tsu(RM) lee th(RM) 
RTM NIN KD 


T tsk(2)/ is the minimum time between a rising CLKB edge and arising CLKA edge for AF to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than tsk(2); AF can transition high one CLKA cycle later than shown. 
NOTE A: Y is the value loaded in the almost-full flag offset register. 


Figure 13. AF Timing From the End of Retransmit Mode When (Y + 1) 
or More Write Locations Are Available 
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LS AE EE RE ET ET LE DIE ITE IEEE DNTP) 
tsu(EN2) 3 i th(EN2) : 


CSA 





CLKB pp 
| tod(C-MF) + (— tpa(c-MF) —>! 
MBFI nit 
| ‘ 


CSB ‘ _ | | | f 
| 
WIRB ZF SS | | SSMS 


ENB 





BO-—B35 


FIFO Output ~rerrengie 


Figure 14. Timing for Mail1 Register and MBF1 Flag 
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CLKB [X_N NN, 
tsu(EN2) I — thien2) 


Wine wey 


BO-B35 















CWI KOO KKK KK KKK KKK IKK KK KKK KKK KKK 


3 tod(C-MF) - : — tpac-MF) 1 
MBF2 $e) | a 
| | 
CSA 7 | | f 
| | 
WiRA Sw ! | VZZZZLLLLL. 


CECE 





MBA LL LLL LLL ls) ; WS 
| | tsu(EN1) 4« hee, | 
ENA | | [ZZ OSS l 
| 
ten *—# eases tpd(C-MR) tdis 4 ——+| 





A0—A35 «KKK KKK KK KK KOC W1 (remains valid in mail2 register after read) 











Figure 15. Timing for Mail2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Voc .....-.--e- Me ehie Swit Gt a eae Adalab eal se behew i ceabare ag SO VIO TN 
Input voltage range, V; (see Note 1) ......... I tacts cee a panels clits aaah diate oases —0.5 V to Voc + 0.5 V 
Output voltage range, Vo (see Note 1) ..........cc eee cence ees Dearaweaaag wits -0.5 V to Veo + 0.5 V 
Input clamp current, lq (Vj <O Or Vi>VoC) ... cece cece cece eee ene e ee eee e eee e eee eeeeeees +20 mA 
Output clamp current, lox (Vo <0 Or VO >Voc) «--- eee eee eee eee eee eee eeeeees +50 mA 
Continuous output current, Iq (VQ =O tO VOC) 2... cece cece e eee eee eee eet ee een eee eees +50 mA 
Continuous current through Voc or GND .... 2... e teen eeeees +400 mA 
Operating free-air temperature range, Ta... eee eee e eee eee e enna 0°C to 70°C 
Storage temperature range ........... ccc cece eee eet e eee eee taeteeeerantereeee -65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at thése or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 


recommended operating conditions 


| ae 
Woo SuppyvotageCOCOC“CSCSCSC‘C‘~;C;S™SCSC*dYC~CiS SCL CY 
2 High-level input voltage a ae ae 
VIL ~ Low-level input voltage # a a 
lOH High-level output current | | PMA | 


IOL Low-level output current 
TA 








Operating free-air temperature 


electrical characteristics over recommended eperatng free-air temperature range (unless 
otherwise noted) 


VOH Voc = 4.5 V, IOH =—-4 mA 
Vol. veces io ene 
2S 
LS 

loc Ts 55V, Vi = Wace -0.2Vor0 400 
CSB = ia 
CSA = VIL 
CSB = ViL 


t All sy values are at Veee r: V, Ta = 25°C. 
§ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or VCC: 





H | H 
Ort, om 


N 
a 





Voc = 5.5 V, One input at 3.4 V, 








§ 
Alcc Other inputs at Voc or GND 





7 





Pele BEB 








wy TEXAS 
INSTRUMENTS 


5-236 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


SN74ACT3641 
1024 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 


SCAS338A - JANUARY 1994 — REVISED JUNE 1994 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 15) 


fic _Clockcycletime, CLKAorGLKBSCSCSC~“~‘“*S*S*S*~“‘~sCBSC*dSCSC*dSCSd 
[wiGey Pulse duration, CLEA and CLKB Tigh ——~—SC~CSC—‘i dT id 
[ici Pulse duration, CLKA and CLKBlw ———S—CSC‘i dT did 
su) Setup time, AD-AGS before CLKAT and BO-BaSbefore cLkaT | 8 | 6 | 7 [| ns 


tsu(EN1 Setup time, ENA to CLKAT; ENB to CLKBT 


[sf ed de 
teens) Seuptime, CSA, WRIA, and MBA to CLKAT: por fs fk | os | 
CSB, W/RB, and MBB to CLKBT 
tsu(RM) __ Setup time, RTM and RFM to CLKBT ae i ees ee ee 
suis) Setup time, FST low before CLKAT orGukBTT—~SC~idSCs SCT Cd 
tsu(FS Setup time, FSO and FS1 before RST high ee ee ee ee 
susp? Setuptime, FSOISD betorecLKAT——S—SC~—~—SC—‘“~‘i ts dT dd 
euSEN Setuptime, FSVSEN before CLKAT———SCS~C~“‘“~S*S*S*~sCSC‘ SSC‘ 
fino) Hold time, AD-AG5 after CLKAT and 8096 afer GLKBT- | 0 [0 | 0 | ns 
[iyENi) Hold time, ENA after CLKATENB attr CLKBT——~—~S~dT~ io SidT dT dn 
Hold time, CSA, W/RA, and MBA after CLKAT; po =f o ] 0 | 
n(EN2) CSB, W/RB, and MBB after CLKBT 
[ny Hold time, RTMandRFMatercLKBT——~C~“‘“‘~;<Sr*S*SC< |] Cd 
[iyfisy Hold time, FST low after CLKAT orcaat? ——S~idC Ss dT 
ee 
ee 
a 
I a ee ee eee ee 
k(t)S Sk ee ee ce 
ene 


















th(SEN)t Hold time, FS1/SEN after CLKAT 
t Skew time between CLKAT and CLKBT for OR and IR 13 
k(2)8 Skew time between CLKAT and CLKBT for AE and AF 12 


t Requirement to count the clock edge as one of at least four needed to reset a FIFO 

+ Only applies when serial load method is used to program flag offset registers 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 


—_ 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 30 pF (see Figures 1 through 15) 


a 15 | ‘ACT3641-20 | ‘ACT3641 San 


eC a een SNe MONT RARE TTS 
a Access time, CLKBTI0B0-B5——~—S~C~S~—“—~S*~sSCSC TS tos 
oa(CuiR) Propagation delaytime, CLKATIOIR SSCS ft Pt te] 
oa(C-OR) Propagation delay time, CLKBTtOR——S~SCS tf to 
pa\C-AE) Propagation delaytime, CLKBTtORE SCS tf 0 | 
eaiC-Ar) Propagation delaytime, CLKATIOAF SCS tf tof | 


' Propagation delay time, CLKAT to MBF1 low or MBF2 high and 0 10 
pd(C-MF) —CLKBT to MBF2 low or MBF1 high 
Propagation delay time, CLKAT to BO- B35t and CLKBT to 
tpd(C-MR) ape agst 3 | 38 17 


tod(M-DV) Propagation delay time, MBB to BO—B35 valid | | 6313] 3815] 87] ons 
tod(R-F Propagation delay time, RST low to AE low and AF high . | 4 15] 1 20f 1 80] ons 


; Enable time, CSA and W/RA low to AO—A385 active and CSB low 
on and W/RB high to BO—B35 active 
Disable time, CSA or WIRA high to AO—A35 at high impedance 
tdis and CSB high or W/RB low to BO—B35 at high impedance 


Tt Writing data to the mail1 register when the BO—B35 outputs are active and MBB is high. 
+ Writing data to the mail2 register when the AO-A35 outputs are active and MBA is high. 


































wi TEXAS 
INSTRUMENTS 


5-238 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


| SN74ACT3641 
1024 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 


SCAS338A — JANUARY 1994 — REVISED JUNE 1994 
TYPICAL CHARACTERISTICS 
SUPPLY CURRENT 


VS 
CLOCK FREQUENCY 


fdata = 1/2 fctock 


loon — Supply Current —mA 





felock — Clock Frequency — MHz 


Figure 16 


calculating power dissipation 


The lIccyf) current in Figure 16 was taken while simultaneously reading and writing the FIFO on the 
SN74AC1 3641 with CLKA and CLKB set to foigg,. All data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs are disconnected to normalize the graph to a 
zero-Ccapacitance load. Once the capacitive load per data-output channel and the number of SN74ACT3641 
inputs driven by TTL high levels are known, the power dissipation can be calculated with the equation below. 


With Icc if) taken from Figure 16, the maximum power dissipation (P+) of the SN74ACT3641 can be calculated 
by: 


Pt = Voc x loci) + (N x Aloo x dce)] + X(C, x Vec?2 x fo) 


where: 
N = number of inputs driven by TTL levels 
_ Aloc = increase in power supply current for each input at a TTL high level 
dc = duty cycle of inputs at a TTL high level of 3.4 V | 
C, = output capacitive load 
fo = Switching frequency of an output 


When no reads or writes are occurring on the SN74ACT3632, the power dissipated by a single clock (CLKA or 
CLKB) input running at frequency foiogk is calculated by: 


Pr = Voc X felock X 0-29 mA/MHz 
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PARAMETER MEASUREMENT INFORMATION 


5V 
1.1kQ 
From Output 
Under Test 
30 pF 
680 Q 
(see Note A) 
LOAD CIRCUIT 
3V ——- 38Vv 
Timing High-Level 
input 1.5V nut. 1.5V 15V 
se ae GND | | one 
tsu +q—_ pt —or- th i¢— tw —> 
+——-— 3v | | 
Data, i‘! | | 3V 
Enable 1.5V 1.5V | Low-Level 15V 1.5V 
Input GND Input , f-__.-_-— @ND 
VOLTAGE WAVEFORMS | VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
i a a 3V 
Output 
tal ee 1.5V 1.5V 
| | ! GND 
i ez le— tpzi a 
Low-Level | | tee 3V 
Output | ; Input 1.5V 1.5V 
| > le— tpzH os | : oe 
| = VoH tod > k¢—— tog 
High-Level silico VoH 
Output LIN 1.5V In-Phase : 
| | ———— -+0V Output 1.5V 1.5 V 
—P |+-— tpHz | VOL 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES PROPAGATION DELAY TIMES 


NOTE A: Includes probe and jig capacitance | 
Figure 17. Load Circuit and Voltage Waveforms 





wi TEXAS 
INSTRUMENTS 


5-240 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


: SN74ACT7803 
512 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 


SCAS191 — MARCH 1991 — REVISED MARCH 1992 





® Member of the Texas Instruments DL PACKAGE 
Widebus ™ Family (TOP VIEW) 


® Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident 


@ Read and Write Operations Synchronized p16 {13 541] Q16 
to Independent System Clocks pis fa 5311 Q15 
® Input-Ready Flag Synchronized to Write p14 [15 521] GND 
Clock Disffe =5if}ar4 
® Output-Ready Flag Synchronized to Read D127 50) Voc 


Clock D11 U8 491} Q13 
@ 512 Words by 18 Bits Diofjf9 asfaiz2 


@ Low-Power Advanced CMOS Technology 59 143 ae tl Q10 
® Half-Full Flag and Programmable ps fli2 s asilag 
Almost-Full/Almost-Empty Flag GND []i3 = 4a TT GND 
® Bidirectional Configuration and Width D714 §=©643 1] Q8 
Expansion Without Additional Logic D6 {}i5 «= 42 1] Q7 
® Fast Access Times of 12 ns With a 50-pF DS5[}16 4111 Q6 
Load and All Data Outputs Switching D417 = 401) Q5 
Simultaneously D318 391} Vcc 
® Data Rates From 0 to 67 MHz D219 = 381. 4 
; Di {j20 37} Q3 
@ Pin Compatible With SN74ACT7805 and D0 f Qe 
SN74ACT7813 oe 








® Packaged in Shrink Small-Outline 300-mil 
- Package (DL) Using 25-mil Center-to-Center 


AF/AE [24 =33{} Q0 
Spacing 


WRTCLK [J 25 32 [} RDCLK 

WRTEN2 26 331] RDEN 

WRTEN1 []27 —- 30 {| OE2 

The SN74ACT7803 is a 512-word x 18-bit FIFO IR28 29 OR 

Suited for buffering asynchronous data paths at 

67-MHz clock rates and 12-ns access times. Its 

56-pin shrink small-outline package (DL) offers 

greatly reduced board space over DIP, PLCC, and conventional SOIC packages. Two devices can be configured 
for bidirectional data buffering without additional logic. Multiple distributed Voc and GND pins along with TI’s 
patented output edge contro! (OEC™) circuit dampen simultaneous switching noise. 


description 


The write clock (WRTCLK) and read clock (RDCLK) should be free running and can be asynchronous or 
coincident. Data is written to memory on the rising edge of WRTCLK when WRTEN71 is high, WRTEN2Z is low, 
and IR is high. Data is read from memory on the rising edge of RDCLK when RDEN, OE1, and OE2 are low and 
OR is high. The first word written to memory is clocked through to the output buffer regardless of the RDEN, 
OE1, and OE2 levels. The OR flag indicates that valid data is present on the output buffer. 


The FIFO can be reset asynchronously to WRTCLK and RDCLK. RESET must be asserted while at least four 
WRTCLK and four RDCLK rising edges occur to clear the synchronizing registers. Resetting the FIFO initializes 
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 


The SN74ACT7803 is characterized for operation from 0°C to 70°C. 


Widebus and OEC are trademarks of Texas Instruments Incorporated. 


PRODUCTION DATA information Is current as of publication date. Copyright © 1992, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas instruments 


standard warranty. Productlon processing does not necessarlly Include 
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logic symbolt 
@D 
; FIFO 512 x 18 
RESET - NI RESET | SN74ACT7803 
25 
WRTCLK 
| 27 
WRTEN1 
aS, SO \ IN RDY 
WRTEN2 
) 32 HALF-FULL 
RDCLK : 
56 a ALMOST FULL/EMPTY 
OE1 
~~" 30 OUT RDY 
a ae 
pL 
iss 
st 
RDEN — 
___ 49 
PEN 
21 
DO 
20 
D1 
49 
D2 
18 
D3 
17 
D4 
16 
D5 
| 15 
D6 
14 
D7 
12 
D8 
11 
D9 
9 
D10 
8 
D11 
7 
Di2 — 
6 
D13 
5 
D14 
4 
D15 
3 
D16 ° 
2 
D17 





T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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28 
22 
24 
29 


33 
34 
36 
37 
38 
40 
41 
42 
43 


45 


. 46 


47 
48 
49 
51 
53 
54 
55 


HF 
AF/AE 
OR 


Q0_ 
Qi 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 
Q9 
Q10 
Q11 
Q12 
Q13 
Q14 
Q15 
Q16 
Q17 
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functional block diagram 


OE1 ea Output 
OE2 i Control 


DO-D17 


L ee Location 1 
poces ee EHS kecation2 
SpEN Control Pointer 
512 x 18 RAM 
WRTCLK Synchronous x 
WRTEN1 = Write i ae aes . 
WRTEN2 Control x ointer | Location 511 



















Location 512 


eee PSS oon 


_+$—. OR 
re p= IR 
Logic 
RESET 9g HF 
PEN AF/AE 
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Terminal Functions 


TERMINAL 
DESCRIPTION 
NAME 


aimostimainiosbemoty fag. Depth offset values can be programmed for AF/AE, or the default value: 
of 64 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is high 
when memory contains X or less words or (512 — Y) or more words. AF/AE is high after reset. 


DO-D17 ae . = ih —— 


a ae ee Half-full flag. HF is high when the FIFO memory contains 256 or more words. HF is low after reset. 


ne Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the 


FIFO is full and writes are disabled. IR is low during reset and goes high on the second low-to-high | 
E1, OE2 56, 30 















transition of WRTCLK after reset. 


Output enables. When OE1, OE2, and RDEN are low and OR is high, data is read from the FIFO on 
a low-to-high transition of RDCLK. When either OE1 or OE2 is high, reads are disabled and the data 
outputs are in the high-impedance state. 









Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the 
FIFO is empty and reads are disabled. Ready data is present on QO—Q17 when OR is high. OR is 
low during reset and goes high on the third low-to-high transition of RDCLK after the first word is 
loaded to empty memory. 














Program enable. After reset and before the first word is written to the FIFO, the binary value on 








DO-—D7 is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 


The 18-bit data output port. After the first valid write to empty memory, the first word is output on 
Q0-Q17 on the third rising edge of RDCLK. OR is also asserted high at this time to indicate ready 
data. When OR is low, the last word read from the FIFO is present on Q0-Q17. 


Read clock. RDCLK is a continuous clock and can be asynchronous or coincident to WRTCLK. A 
low-to-high transition of RDCLK reads data from memory when OE1, OE2, and RDEN are low and 
OR is high. OR is synchronous to the low-to-high transition of RDCLK. 


Pi ee enable. When RDEN, OE1, and OE2 are low and OR i is high, data is read from the FIFO on 
Pah ne low-to-high transition of RDCLK. | 


Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of 
WRTCLK must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. 
Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK. A 
low-to-high transition of WRTCLK writes data to memory when WRTEN2Z is low, WRTEN1 is high, 
and IR is high. IR is synchronous to the low-to-high transition of WRTCLK. 


Be es enables. When WRTENT1 is high, WRTEN2 is low, and IR is high, data is written to the FIFO 
Pale a low-to-high transition of WRTCLK. 










33-34, 36-38, 
Q0-Q17 40-43, 45-49, 
51, 538-55 



























re 
WRTCLK - sf 


WRTENT, 
WRTEN® 27,26 
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RESET 
PEN 
WRTCLK 
HATE RS cee Ce CRN a 
WATER SSIS IIR a Ee, SOON 





























WFNS WA VA NI V7 YZ VW VO VO OO OO 7 OO OY OO OY VY 


000.0,0.0.0'6,65056' 
2 CK KK KK KKK KKK 
DO DAT 5S 


ON Lh heh hn he nell eh rh nah ie herrea eh eee eh eh rl ah el ehh a here he lh nh ee el he eal ea eh eh al ahh 


| 
RDCLK f Lift] f 12] f° f 4] f | fT | f | f 
| | 
| 
| 


KONE DON'T CATE” SKK RRS 





























































— SOKO DON't CAFE OOOO 
REN 55055, OME CAE KOH 5505 







































































































































ae VA AAA AAA AAA AA / VA A AAA AA A AAASAS 
SRR Don’t Care SERRE 
OEP SERRE POR ere RRR RKKK LKR 
| | | ead 
Q0-Q17 Invalid 
| | | ! | 
KRAKAKAK © XK XK KK KE CA AKAKAAKA AA AI 
SOK Don't Care WOOK 
PR 55K, DOME CAE OOF 












\ 7 Al 
AF/AE Don’t Care . l 
ONAN NZ NNN NNN 





Define the AF/AE Flag Using the 
Default Value of X = Y = 64 


Figure 1. Reset Cycle 
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RESET 


U 
m 
= 


WRTCLK 


WRTEN1 


WRTEN2 


DO—D17 


RDCLK 


OR 


AF/AE 


HF 
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VLA JV rM/N\4 VaVaN NSN WN INS SS if 
S54 WI heSey we KS} ws RSET wa PSST wore2y 52S 






Invalid W1 


Figure 2. Write Cycle 
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1 
RESET 0 











PE 0 


wow FL FLAP FL FL Laat it 1: 
WRTEN1 "| | 


WRTEN2 























. 4 AA AK, A A A A _ ASA A A A A A A IK A KK LA A A LS A LSI LD KK A KK LK AK LA I A LK LN A LK LV N/K KL 
po—b17 4 W513 f PS tC CER 


Ceeex 
OODLES ras was 





























So as 


OE2 l | : | 
| | | | | —— | 
Q0-Q17 wi x w2 x Ww3 W(Y+1) KX wev+2) W257 x W258  W(512~X) CE 
| | | | | 
= i | | ! L 


— a | -— 
AFIAE | l 


Figure 3. Read Cycle 
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offset values for AF/AE 


The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 64 are used. The AF/AE flag is high 
when the FIFO contains X or less words or (512 — Y) or more words. 


Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binary value on DO—D7 is 
stored as the almost-empty offset value (X) and the almost-full offset value (Y). Holding PEN low for another 
low-to-high transition of WRTCLK reprograms Y to the binary value on DO-—D7 at the time of the second 
WRTCLK low-to-high transition. When the offsets are being programmed, writes to the FIFO memory are 
disabled regardless of the state of the write enables (WRTEN1, WRTEN2). A maximum value of 255 can be 
programmed for either X or Y (see Figure 4). To use the default values of X = Y = 64, PEN must be held high. 








RESET 

WRTCLK 

PEN 

00-07 PO COR 
IR 


AA AA A A A LD A LA AK A IK AL AL AAS A A ASA AAA AA ASA AAA ASL / 
WRTEN1 eeeeetetetetetetsteetetes RSS SSO 


















TREN 


WATEN?D OSS 
lata tararstaew 






Figure 4. Programming X and Y Separately 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage Tange; VGC: vase.0tcy ew ctedadvereesiw ide tarivs Seu becca hexietunesaas -0.5Vto7V 
Input voltage, Vj) ..............0-- tp ai cree Malec aaa eR Ae AE Re CAE RT Ge A EAE 7V 
Voltage applied to a disabled 3-state OutpUt ........ cece cece teen eee n nent enneee 5.5 V 
Operating free-air temperature range, Ta ...... cece cece cece eee e eee teetesetseseerees OPC to 70°C 
S10Lade IeMmperarure Tange: i iccinuinatncuaney sua eee teeeetuie daa ds amok daeenaaesed —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions 


Win Highevelinputvotage —~—S~SC~CSC~‘iT Sd] Cd] Cd] Cd 
Vi, Lowievelinputvotage —=—S~S~CS~SSCSCSCtESSC~C‘ Ct] 
ee a a a ee 


[toa Cloak requeney 2 a) ) Sd 
wAToLKhehorow | 6 [| 7 |e | 

ADCLKhighoriow | 6 | 7+) 8 | 

PeNow -+[ es |» |e | 2 


DO-—D17 before 4 
WRTCLKT 
WRTEN1, WRTEN2 , 4 
before WRTCLKT 
. OE1, OE2 
tsu Setup time before RDCLKT 


RDENbeforeRDCLKT | 4 £| 5 | 
Reset: RESET low 
before first WRTCLKT 
and RDCLKTT 
PENbeforeWRTCLKT | 5 | 6 | 
DO-D17 after 
WRTCLKT 
WRTEN1, WRTEN2 
after WRTCLKT 
OE1, OE2, RDEN 
after RDCLKT | 
Reset: RESET low 
after fourth WRTCLKT 2 
and RDCLKTT 
PEN high 
after WRTCLKL 
PEN low after > 
WRTCLKT 
Ta Operating ree-a temperature 


tT To permit the clock pulse to be utilized for reset purposes 



















tw Pulse duration 












th Hold time 
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electrical characteristics over “recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX] UNIT 














Po fies 45, loH=-8mA et ee ee as 
[Fags _[Voo=45V, lo «8 mA Los] 
eee Voc = 4.5 V, lo = 16 mA Po 









i «Vcc =85 Vi =Vogar0 ee 

Voc = 55 Vo=Vogor0 | ee ee 

log Wis Veg 02 Ve es ee) 
A Cc = 5.5 V, ne input at 3.4 V, ther inputs at or 1 m 
loct Vcc V One i 3.4V Other i Voc or GND A 

Co CE f= 1 Miz | | 


T All typical values are at eae 5 V, Ta = 25°C... 
+ This is the supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or Vcc. 


























switching characteristics over recommended ranges of supply volta 10) and operating free-air 
temperature, C,; = 50 pF lion otherwise noted) (see Figures 9 and 1 


PARAMETER FROM ‘ACT7803-15 ‘ACT7803-20 | ‘ACT7803-25 ae 
(INPUT) (ourPuT MIN TYPt MAX| MIN MAX| MIN MAX| 
WRTCLK or 
ore RDCLK 
‘pd RDCLKT ee ee ae a ee 
toc? oie ee Geen DE MMe 























[toa | ware [RT| SC] SSS] 
SN RS SR a eB | 
a a A SABE A WE A 
ae a gs ee 
fp arae[ 2T e | 
Pind. doen 212 





§ This parameter is measured with a 30-pF load (see Figure 5). 


operating characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS UNIT 
Cod Power dissipation capacitance Outputs enabled CL = 50 pF, f = 5 MHz 
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TYPICAL CHARACTERISTICS 
PROPAGATION DELAY TIME 
LOAD CAPACITANCE 


Voc =5V 
Ta = 25°C 
Ri = 500 Q 


CL -— Load Capacitance — pF 


Figure 5 


SUPPLY CURRENT 
VS 
CLOCK FREQUENCY 


yaa 
Sar Oa ea PM 
La A 


0 
0 10 20 ~=— 30 40 50 60 70 


felock — Clock Frequency — MHz 


Figure 6 
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- TYPICAL CHARACTERISTICS 


calculating power dissipation 


With Iocf) taken from Figure 6, the maximum power dissipation (Pt) based on all data outputs changing states | 
on each read can be calculated using: 


Pt = Voc x [locity + (N x Aloe x de)] + Z(CL_ x Vec? x fo) 


A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 


Pr = Voc x loc + (Nx Algg x de)] + £(Cpq x Voc? * fi) + E(CL x Voc? * fo) 


where: 

lcc = power-down Ico maximum 
N = number of inputs driven by a TTL device 
Alcoc =_ increase in supply current 
dc = duty cycle of inputs at a TTL high level of 3.4 V — 
Cod = power dissipation capacitance 
Ci = output capacitive load 
fj = data input frequency 

fo = data output frequency 
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APPLICATION INFORMATION 





SN74ACT7803 
> WRTCLK 


lial pte _ a a 
CSA WRTEN2 ra CSB 
il a 18 
DO-D17 Q0-Q17 BO-B17 
' SN74ACT7803 | 
> RDCLK WRTCLK< 
OET WRTEN1 
es ADEN WRTEN2 
18 
A0-A17 


Figure 7. Bidirectional Configuration 






CLOCK A 
WIRA 


CLOCK B 
W/RB 










SN74ACT7803 
WRTCLK a RDCLK 
WRTEN1 i 
WRTEN2 WRTEN2 OE1 
are 
36 
DO-—D35 DO-D17 






SN74ACT7803 
> WRTICLK RDCL 





sil 


Figure 8. Word-Width Expansion: 512 x 36 Bits 


36 
Q0-Q35 
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PARAMETER MEASUREMENT INFORMATION 


i geal eee 3V 

Input : 

From Output P | beak GND 
‘Under Test | l 
RL = 5002 CL = 50 pF ‘pd , ieee tod 
l —— 3V 
[ | ny A cd 

: ‘i : OV 

LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE) 
3V 
Input — Vv 1.5V 
Eh cipro gy 
7V | tPZL x — | 
l | ly teiz ay le 
mye =3.5V 
é3 RL =R1=R2 | | | | 
Output 1.5V 
Rt | -—¥% ie 
From Output ) | | 
iaseroek i Test Point = tpyz > le a 0.3V 
tPZH - | + 
R2 —-— VOH 
CL ye _ 
Output 0.3V 
= | =0V 
LOAD CIRCUIT VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 





i a 
Pare soon | sopF 
| tpze —o 


cae ea oe 
Closed 


[soo | s0pF | Open 


[et iasiaaes probe and test-fixture capacitance 


Figure 10. 3-State Outputs (Any Q) 
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@ Free-Running Read and Write Clocks Can ® Input-Ready, Output-Ready, and Half-Full 
Be Asynchronous or Coincident Flags 

® Read and Write Operations Synchronized to ® Cascadable in Word Width and/or Word 
Independent System Clocks Depth 

@ |Input-Ready Flag Synchronized to Write @ Fast Access Times of 12 ns With a 50-pF 
Clock Load 

® Output-Ready Flag Synchronized to Read ® Data Rates From 0 to 67 MHz 
Clock ® 3-State Outputs 

© 2048 Words by 9 Bits - @ Available in 44-Pin PLCC (FN), 

© Low-Power Advanced CMOS Technology Space-Saving 64-Pin Thin Quad Flat 

® Programmable Almost-Full/Almost-Empty - _ Packages (PM), or Reduced-Height 64-Pin 
Flag Thin Quad Flat Package (PAG) 

description 


The SN74ACT7807 is a 2048-word by 9-bit FIFO with high speed and fast access times. It processes data at 
rates up to 67 MHz and access times of 12 ns in a bit-parallel format. Data outputs are noninverting with respect 
to the data inputs. Expansion is easily accomplished in both word width and word depth. 


The write clock (WRTCLK) and read clock (RDCLK) inputs should be free running and can be asynchronous 
or coincident. Data is written to memory on the rising edge of WRTCLK when the write-enable (WRTEN1/DP9, 
WRTENZ2) inputs are high and the input-ready (IR) flag output is high. Data is read from memory on the rising 
edge of RDCLK when the read-enable (RDEN1, RDEN2) and output-enable (OE) inputs are high and the 
output-ready (OR) flag output is high. The first word written to memory is clocked through to the output buffer 
regardless of the levels on RDEN1, RDEN2, and OE. The OR flag indicates that valid data is present on the 
output buffer. 


The FIFO can be reset asynchronous to WRTCLK and RDCLK. RESET must be asserted while at least four 
WRTCLK and four RDCLK cycles occur to clear the synchronizing registers. Resetting the FIFO initializes the 
IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 


The SN74ACT7807 is characterized for operation from 0°C to 70°C. 


Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 


PRODUCTION DATA information Is current as of publication date. Copyright © 1994, Texas Instruments Incorporated 
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FN PACKAGE 
(TOP VIEW) 





PAG OR PM PACKAGE ~ 
(TOP VIEW) 


iO Omi = 2 OC ners 2 
O>r>COCdooor>reocoocZd 


64 63 62 61 60 5958 57 56 55 54 53 52 51 50 49 








NC @ 481) NC 
Qo : 471) Q8 
GND 46 | | Voc 
GND 451} Voc 
OE 441] RDCLK 
NC 43 |] RDEN1 
Voc 421) NC 
Voc 41 1} RDEN2 
RESET 401} OR 
PEN 39 1] IR 


38 || WRTEN2 
37 |] WRTEN1/DP9 
36 |] WRTCLK 
HF 35 1} GND 
Voc 34 1] GND 
Voc 33 [}] NC 


NC — No internal connection 
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logic symbolt 
@ 
FIFO 2048 x 9 
SN74ACT7807 
RESET 
19 
WRTCLK 
WRTEN1/DP9 —— = 
21 WRTEN eee ae 
WRTENZ —— HALF FULL ene 
2 
RDCLK > RDCLK ALMOST FULL/EMPTY oy AFIAE 
ee a OUT RDY OR 
25 
RDEN1 
24 
RDEN2 
_ 2 
PEN 
7 40 
Do Qo 
8 39 
D1 Qt 
9 37 
D2 Q2 
11 36 
D3 Q3 
12 34 
D4 Q4 
13 32 
D5 Qs 
15 31 
D6 Q6 
16 29 
D7 Q7 
17 28 
D8 Qs 





T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 
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functional block diagram | 


OE 









DO-—D8 


ey 
RDCLK 
BOENinc Lal ae Read Location 2 
a nese Pointer 
RDEN2 Control 
i 2048 x 9 RAM 
WRTCLK 
eal Synchronous | 


WRTEN1/DP9 
mag wiite i Pointer Location 2047 
Location 2048 
a Register |} >) ao-as 


WRTEN2 | Control 
RESET Logic Flag IR 


Logic 












et oa aa 








AF/AE 
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Terminal Functions 


TERMINAL 
NAME DESCRIPTION 


Almost-full/almost-empty flag. Depth offset values can be programmed for AF/AE or the default value of 256 can be 
AF/AE used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is high when memory contains X or less 













words or (2048 — Y) or more words. AF/AE is high after reset. 


Do-D8 | 1! | Nine-bit data input port 
| HF | oO | Half-full flag. HF is high when the FIFO memory contains 1024 or more words. HF is low after reset. 


a Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the FIFO is full and writes 


are disabled. IR is low during reset and goes high on the second low-to-high transition of WRTCLK after reset. 


Ee ioe enable. When OE, RDEN1, RDEN2 and OR are high, data is read from the FIFO on a low-to-high transition | 
aa RDCLK. When OE is low, reads are disabled and the data outputs are in the high-impedance state. | 




















Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the FIFO is empty and 
reads are disabled. Ready data is present on Q0—Q17 when OR is high. OR is low during reset and goes high on the 
third low-to-high transition of RDCLK after the first word is loaded to empty memory. 







ee ee enable. After reset and before the first word is written to the FIFO, the binary value on DO-—D8 and DP9 is 





ie as an AF/AE offset value when PEN is low and WRTCLK is high. 








Nine-bit data output port. After the first valid write to empty memory, the first word is output on QO— Q8 on the third rising 
edge of RDCLK. OR is also asserted high at this time to indicate ready data. When OR is low, the last word read from | 
the FIFO is present on QO-Q8. 


Read clock. RDCLK is acontinuous clock and can be asynchronous or coincident to WRTCLK. A low-to-high transition 
of ROCLK reads data from memory when RDEN1, RDEN2, OE, and OR are high. OR is synchronous to the low-to-high 
transition or RDCLK. , 


Read enables. When RDEN1, RDEN2, OE, and OR are high, data is read from the FIFO on the eee transition 
of RDCLK. 


Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK must occur 
while RESET is low. This sets HF, IR, and OR low and AF/AE high. 


Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK. A low-to-high transition 
of WRTCLK writes data to memory when WRTEN1/DP9, WRTEN2, and IR are high. IR is synchronous to the 
low-to-high transition of WRTCLK. 


Write enable/data pin 9. When WRTEN1/DP9, WRTEN2, and Ra are high, data is written to the FIFO ona low-to-high 
transition of WRTCLK. When programming an AF/AE offset value, WRTEN1/DP9 is used as the most significant data | 
bit. 
Write enable. When WRTEN1/DP9, WRTEN2, and IR are high, data is written to the FIFO on a low-to-high transition 

of WRTCLK. 


rao 


RDEN1, 
RDEN2 
nest | 


wnrene | 1 
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offset values for AF/AE 


The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 256 are used. The AF/AE flag is high 
when the FIFO contains X or less words or (2048 — Y) or more words. 


Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binary value on DO—D8 and 
WRTEN1/DP9 is stored as the almost-empty offset value (X) and the almost-full offset value (Y). Holding PEN 
low for another low-to-high transition of WRTCLK reprograms Y to the binary value on DO-D8 and 
WRTEN1/DP9 at the time of the second WRTCLK low-to-high transition. While the offsets are programmed, 
data is not written to the FIFO memory regardless of the state of the write enables (WRTEN1/DP9, WRTEN2). 
A maximum value of 1023 can be programmed for either X or Y (see Figure 1). To use the default values of 
X = Y = 256, PEN must be held high. 


RESET / . 





KH LOCOeGNAeOes 


% : ox 
ORK RK ) KKK 























OSS SS SSS S555 5255 2525252525 
WRTENTUDPS KKK ROSS OOO ROOORY 
LLLP LPP LPI IEEE IIIA IG 


Figure 1. Programming X and Y Separately 
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WRTCLK 


LSesesesasesosos oso ea EE Petals erecesecacasonooe 
WRTEN IDPS OO. OM ECS SOS 


CN ZNANZNANAN ANS SN ZAZA ZS ~N 4 





























WRTENZ RRR, DOME CAKE | OLLI 


LY LY hin ne CNN CoS 



































LOOSE CQSECCEECCCECCCCSCCMLE ARMS LSE SCC CCC MCC MCN 


. 
XK KKK KKK KKK KKK KY 


ON a hh hh eh he he he he he herb eh rh ah eh el Nel he eh here nah he hen he heh eh eh al Nd ah Wah her he he adh, Yh Yh nh, wah, ah whe ed el al nn he nh he LY 









































OO ae a a HY 
































YL? 









SSeSasasac aoe ee aa CoE eS acacanaes ere enananan 
DEN OG, DOME Gare rrr O5 0555 


e\ ZY gy CN ZN 2) MAF LF LG LF LG LS tee CN ZA ZY 
































OF SOO BA A RRO 


LAF ALF LF LAF ALF AG ha GF ALG LaF AG 0G AG LT BG GS tS tes 


AFIAE SC Don'tCare | 















Define the AF/AE Flag Using the 
Default Value of X = Y = 256 


Figure 2. Reset Cycle 
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RESET 


U 
m 
z 


WRTCLK 


WRTEN1/DP9 


WRTEN2 


DO-D8 


RDCLK | 


RDEN1 


RDEN2 


OE 


Q0-Q8 


OR 


AF/AE 


HF 
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LA JASN \/A\/ AN <¢ Yves IN AN 
5054 wt RSI we BOSey ws KOSd wa RSLS 


Invalid W1 


Figure 3. Write Cycle 
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1 
0 


1 
0 





WRTEN1/ 
DP | 
| | | 


| 
WRTEN2 | l 


4 Cg a NW a at pV a a¥ at Wt pV at VV aE at pCa’ pC aU ar Ut aE At a pC at pV pW aU pO pt pO pe pt i pO pr pi pC Opiate, 7 V7 A SA 
DO-DB J W200 POI IN 
a 


































































| | | fl | 
er nnn nnn eee 
- 


oe = 
| | | ! | 
OR | | | | ! 7 


| 
AFIAE | | 
| l | | 


Figure 4. Read Cycle 
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absolute maximum ratings over operating free-air temperature range (unless ones noted)T 


Supply vollage (ange, VEC" tocicctctieutsluetedebas Cable rcienes cacee snake enews —0.5 V to7V 
InDUtLVONAge Vk tie sio5 ea cee ou emer Resse Gua wep anwus we batee ek Sue Ck aes Beeeae eee eaes 7V 
Voltage applied to a disabled S-state OUtDUL .... 0. cece cece etc e teen eee eneeeeeeees 5.5 V 
Operating free-air temperature range, Ta ....... eee ccc cc cece eee ee tee eee een ee eeneees 0°C to 70°C 
Storage temperature range .......... cece cece cee cence eee eeeee Sash ue tel ees --65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conctens'4 is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


[Woo Suppiyvotage ——SS~—~—sSC~—~—~—CS~S*~‘ ss] ts ss] ass a5 ccf 

Wi, Highevelinputvotage ———SCS=~—~“‘—~‘iTS Cd dT Cd 

[vit _Lowlevelinputvotage ——=—S~—tSCSC~=‘ YC‘ SSC] 

ee a a a 
asapas 













9 TD 
ECE a ae eT A ER! 1 
LE AR AE SCN 


La D8 before 

WRTCLKT 

WRTEN1, WRTEN2 

before WRTCLKT 

Reset: RESET low . 
before first WRTCLKT © : 

and RDCLKTF | | 
















tw Pulse duration 





te Setup time 















OE, RDEN1, RDEN2 
before RDCLKT 
PEN before WRTCLKT $f 
DO-D8afterWRTCLKT | oF | oOo | 
| WRTEN1, WRTEN2 
after WRTCLKT 
OE, RDEN1, RDEN2 
after RDCLKT 
Reset: RESET low after 
fourth WRTCLKT and 
| RDCLKTF 
PEN high after 
WRTCLKL 
PEN low after 
WRTCLKT 


Operating free-air temperature oo 


7 = permit the clock pulse to be utilized for reset purposes 





Hold time 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT 









































Von «deg =45V, _lon=-8mA ee a ed 
[Flags [Voc = 45V, lo. = 8 mA C—O 
VOL V 
fQoutputs_[Vco=45¥, lor = 16 mA i 
ig eee eee 
Voc =55V, “0 =Voc or 0 
ioc Voo=55V =Voo-02Vor0 
WRTEN1/DP9 4} 
= §.5 V, One input at3.4V, Other inputs at Vcc or GND 





soot 





f= 1 MHz 





switching characteristics over recommended ranges of supply voltage and Shaun free-air 


temperature, C; = 50 pF (unless otherwise noted) (see Figures 9 and 10) 


FROM TO ‘ACT7807-15 ‘ACT7807-20 | ‘ACT7807-25 | ’ACT7807-40 
PARAMETER 

(INPUT) (ouTPuT) [MIN TYPT _MAX BLA EA A 

WRTCLK or 

RDCLK 
Bf —} pau oe 

















See Ge Hae See GRIT ACIS A AE ee 
“pa RT RT ef ee 
WATOLK? 220 
tod AF/AE 
ADCLKT 220 
2 2 2 2 


WRTCLKT a I I ET 


ip [ROGUE 

<—_ AFIE 
RESET | 

Ee 0 ee ee eee 


Nh 
ve) 
NO 





a 
—_ 
—A 


| ten a 
Any Q 

| tis (avn (A VR (De 
—— All — values are at Vcc = 5 V, Tp = 25°C. 


+ This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or VCC: 
§ This parameter is measured with CL = 30 pF (see Figure 5). 





operating characteristics, Voc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS UNIT 





Cod Power dissipation capacitance per FIFO channel Outputs enabled Ci =50pF, f=5 MHz 
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tod - Propagation Delay Time-—ns. _ 


ICC(f) — Active ICC —mA 
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TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME 


vs 
LOAD CAPACITANCE | 





0 50 100 150 200 250 300 
Ci — Load Capacitance — pF 
Figure 5 
ACTIVE Icc 


vs 
FREQUENCY 


Ns 
a; 774 


a | | WH | | | 
4 ff feet 


0: : 
0 10 20 30 40 50 60 70 


f — Frequency — MHz 


Figure 6 
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TYPICAL CHARACTERISTICS 





calculating power dissipation 
With loc (fy taken from Figure 6, the maximum power dissipation (P+) of the SN74ACT7807 can be calculated 
using: 
Pt = Vcc x [locity + (N x Aloe x de)] + 2 (CL x Vec? x fo) 


A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 


Pt = Vcc x [loc + (N x Alec x de)] + 2 (Cog x Voc? x fi) + E (CL x Vee? x fp) 


where: 
Icc = power-down Icc maximum 
N = number of inputs driven by a TTL device 
A loc = increase in supply current 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
Cog = power dissipation capacitance 
CL = = _output capacitive load 
f; = data input frequency 
fo = data output frequency 
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APPLICATION INFORMATION 





CLOCK 
SN74ACT7807, SN74ACT7807 
WRTCLK ——— > WRTCLK | RDCLK 
WRTEN1 WRTEN1/DP9 RDEN1 RDEN1 
WRTEN2 WRTEN2 RDEN2 -RDEN2 
IR OR OR 
OE ——s OE 
Do-p8 f «SD Q0-a8 
Figure 7. Word-Depth Expansion: 4096 Words by 9 Bits 
WRTCLK RDCLK 







WRTEN1/DP9 
WRTEN2 


WRTEN 7 


tn 





D9-D17 ae DO-—D8 Q0 - a8 aan wom Q9-Q17 
Sse SN74ACT7807 TEED 
a +> WRTCLK RDCLK TT ened 
WRTEN1/DP9 RDEN1 0 
WRTEN2 RDEN2 
aa | Po i ee 
OE 

D0 -Ds 0-8 


Figure 8. Word-Width Expansion: 2048 Words by 18 Bits 
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PARAMETER MEASUREMENT INFORMATION 


——— —— —— 3V 
From Output Input 16V 
Under Test | | OV 
| 
t tod —p 
Ri = 500Q C, = 50 pF = a ie thd + 3Vv 
LOAD CIRCUIT TOTEM-POLE OUTPUTS 


Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE) 


———-—-—— 3V 
7V Input f 1.5V \ 1.5V 
L RL = R1=R2 ae ig: , OV 
S1 tPZL | 
R1 | 
| 
| 


| | | is 
From Output Test | | Y ial 
Under Test Point Output _¥ 


— VOL 
CL R2 | tony —pl be Oe oa 
tpzH Pl ie | 


/ + “2 ~VOH 
= Output oe 0.3V 
=0V 
VOLTAGE WAVEFORMS 


[PARAMETER [AY,A2] ct | St | 
[Open 
7 ca 


[Open _| 
a eee oar 


T Includes probe and test fixture capacitance 


Figure 10. 3-State Outputs (Any Q) 


LOAD CIRCUIT 










77 
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© Load Clocks and Unload Clocks Can Be 


® Expansion Logic for Depth Cascading 
Asynchronous or Coincident ® Empty, Full, and Half-Full Flags 
® 2048 Words by 9 Bits @ Fall-Through Time of 20 ns Typ 
@ Low-Power Advanced CMOS Technology ® Data Rates From 0 to 50 MHz 
® Fast Access Times of 15 ns With a 50-pF @ 3-State Outputs 
Load @ Available in 44-Pin PLCC (FN), 
® Programmable Almost-Full/Almost-Empty Space-Saving 64-Pin Thin Quad Flat 
Flag Packages (PM), or Reduced-Height 64-Pin 
Quad Flat Package (PAG) 
description 


A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7808 is a 2048-word by 9-bit FIFO designed for high speed and fast access times. 
It processes data at rates up to 50 MHz and access times of 15 ns in a bit-parallel format. 


Data is written into memory on a low-to-high transition at the load clock (LDCK) input and is read out on a 
low-to-high transition at the unload clock (UNCK) input. The memory is full when the number of words clocked 
in exceeds the number of words clocked out by 2048. When the memory is full, LDCK signals have no effect 
on the data residing in memory. When the memory is empty, UNCK signals have no effect. 


Status of the FIFO memory is monitored by the full (FULL), empty (EMPTY), half-full (HF), and 
almost-full/almost-empty (AF/AE) flags. The FULL output is low when the memory is full and high when the 
memory is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF 
output is high whenever the FIFO contains 1024 or more words and is low when it contains 1023 or less words. 
The AF/AE status flag is a programmable flag. The first one or two low-to-high transitions of LDCK after reset 
can be used to program the almost-empty offset value (X) and the almost-full offset value (Y) if program enable 
(PEN) is low. The AF/AE flag is high when the FIFO contains X or less words or (2048 — Y) or more words. The 
AF/AE flag is low when the FIFO contains between (X + 1) and (2047 — Y) words. 


A low level on the reset (RESET) input resets the internal stack pointers and sets FULL high, AF/AE high, HF 
low, and EMPTY low. The Q outputs are not reset to any specific logic level. The FIFO must be reset upon power 
up. 

The first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs. 
Itis important to note that the first word does not have to be unloaded. Data outputs are noninverting with respect 
to the data inputs and are in the high-impedance state when the output-enable (OE) input is low. OE does not 
affect the output flags. 








Cascading is easily accomplished in the word-width and word-depth directions. When not using the FIFO in 
depth expansion, cascade enable (CASEN) must be tied high. 


The SN74ACT 7808 is characterized for operation from 0°C to 70°C. 





PRODUCTION DATA information Is current as of publication date. Copyright © 1994, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments 1] 
standard warranty. Production processing does not necessarily include 


testing of all parameters. 
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FN PACKAGE 
(TOP VIEW) 





PAG OR PM PACKAGE 
(TOP VIEW) 


o) SS. 22 G8 gg 
- N © wv wo © s 
OPS GG05GEYLVaAachddaz 






64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 


NC e 481] NC 
QO 471) Q8 
GND | 46 {| Voc 
GND 451} Voc 
OE 441] UNCK 
XO 43 || CASEN 
Vcc 421] NC 
Voc 441) FL 
RESET 40 |] EMPTY 
PEN 39 1] FULL 
GND 7 38 || XI 
~GND 37 || DP9 
AF/AE 36 [| LDCK 
HF 7 35 || GND 
Vec 341] GND 
Voc 33 |] NC 


NC — No internal connection 
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logic symbolt 


@ 


FIFO 2048 x 9 
SN74ACT7808 







RESET | RESET FULL P 
19 
LDCK HALF FULL 
26 
UNCK > UNCK ALMOST FULL/EMPTY 
on 2 EMPTY FS 
_ 2 
EN IY PROGRAM ENABLE 
_. 24 
FL NW FIRST LOAD EXPANSION OUT 
25 
CASEN SI CASCADE ENABLE 
21 
XI EXPANSION IN 
20 
DP9 DATA PIN 9 
7 
DO 
D1 
D2 
11 
D3 
12 
D4 
13 
D5 
15 
D6 
16 
D7 
17 
D8 





t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 


43 


40 
39 
37 
36 
34 
32 
31 
29 
28 


XO 


Q0 


Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 


Qs 
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functional block diagram 
OE 


DO-—D8 


Location 1 


Read Location 2 


UNCK Be Wee ee ea easy 
3 =a 2048 x 9 RAM 
LDCK ee Wee aed 
ES: Location 2047 
} Location 2048 7 
DP9 | 


7. 





RESET i. EMPTY 
cule Expansion = 
and FULL 
EN . Status- HF 
= Flag 
CASEN XO 
Xl 
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Terminal Functions 


TERMINAL 
NAME DESCRIPTION 
Almost-full/almost-empty flag. Depth offset values can be programmed for this AF/AE or the default value of 256 can be 
AF/AE used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is high when memory contains X or less 
words or (2048 — Y) or more words. AF/AE is high after reset. 
CASENT Cascade enable. When multiple SN74ACT7808 devices are depth cascaded, every device must have CASEN tied low. 
CASEN must be tied high when a device is not used in depth expansion. | 
po-D8 | | | Nine-bit data input port | 


| oppo of ot DP9 is used as the most significant bit when programming the AF/AE offset values. 
EMPTY pO | Empty flag. EMPTY is low when the FIFO memory is empty. A FIFO reset also causes EMPTY to go low. 


When multiple SN74ACT7808 devices are depth cascaded, the first device in the chain must have its FL input tied low 
and all other devices must have their FL inputs tied high. 































FLT 











Full flag. FULL is low when the FIFO is full. A FIFO reset causes FULL to go high 


HF ie Oe | Half-full flag. HF is high when the FIFO memory contains 1024 or more words. HF is low after reset. 
LDCK aol Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high. | 
OE alee a Output enable. When OE is low, DO—D8 are in the high-impedance state. 









FULL 






Program enable. After reset and before the first word is written to the FIFO, the binary value on DO—D8 and DP9 is latched 
as an AF/AE offset value when PEN is low and LDCK is high. 








Q0-Q8 Nine-bit data output port | 
RESET Reset. A low level on RESET resets the FIFO and drives FULL and AF/AE high and HF and EMPTY low. 
UNCK | | | Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. 


Roxie ec | Expansion input (XI) and expansion output (XO). When multiple SN74ACT7808 devices are depth cascaded, the XO 
| xot of one device must be connected to the XI! of the next device in the chain. The XO of the last device in the chain is | 
xor_[ 0 


connected to the XI of the first device in the chain. 
tT See Figures 4 and 5 for application information on FIFO word-width and word-depth expansions, respectively. 
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offset values for AF/AE 


The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 


_ almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 


5-276 


to memory. If the offsets are not programmed, the default values of X = Y = 256 are used. The AF/AE flag is high 
when the FIFO contains X or less words or (2048 — Y) or more words. 


To program the offset values, PEN can be brought low after reset only when LDCK is low. On the following 
low-to-high transition of LDCK, the binary value on DO—D8 and DP39 is stored as the almost-empty offset value 
(X) and the almost-full offset value (Y). Holding PEN low for another low-to-high transition of LDCK reprograms 
Y to the binary value on DO—D8 and DP9 at the time of the second LDCK low-to-high transition. Writes to the - 
FIFO memory are disabled while the offsets are programmed. A maximum 1 value of 1023 can be programmed 
for either X or Y (see Figure 1). To use the default values of X = Y = 256, PEN must be held high. 


. nea 


AAA A AKAAAAKAAAAAAAY 
EX 





| 


i 0 | 
m 
= 












DO D8 














OH PP 2 PPPS) 
Se 






DP9 





Figure 1. Programming X and Y Separately 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


SUPPLY VOIIAOG TANG, VGC: 240 ies tee eee en se pera aa eee eves Seas eaget eee eae -0.5Vto7V 
INDUE VONAGE. Vii: abo. one cesdnien tates oan ale eae ca eaua dane te eee eee cae ee ee 7V 
Voltage applied to a disabled 3-state OutpUt .......... eee eee ee eee eae eee ee 5.5 V 
Operating free-air temperature range, Ta .... 2. eee e cence eee ete e nett nenees O°C to 70°C 
Sl0rade 16MpPeralule TANG ice eve cu ssw mas Sear eu na bed Rise y eersue rates ene whee —65°C to 150°C 


tT Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 










‘ACT7808-20 | ‘ACT7808-25 | ‘ACT7808-30 ‘ACT7808-40 
[win MAX[ MIN MAX| WIN MAX] MIN MAX 


2 2 


CC Supply voltage 


< 


aN 
oO 


VIH High-level input voltage 


1 


Other inputs 


IL Low-level input voltage 


3 
> 


lOH High-level output current 


3 


2 
<| < 
= 4 


ss 
ie?) 
kk 
m 
a 


ak 
& or Or JOO] Gia 
o 


a 


fet) 
ai}e 
a 
Oil: 
Cc 
eae 
n 


lOL Low-level output current 
: S 


@ 
oa 
@ 


fcolock Clock frequency #25 | MHz 


— 
— 
—_ 


LDCK high or low 
UNCK high or low 
PEN low 

RESET low 


DO- D8, DP9 before 
LDCKT 

t Setup time LDCK inactive 
before RESET high 
PEN before LDCKT 

| DO-—D8, DP9 after 

LDCK inactive after 

t Hold time RESET high" 
PEN low after LDCKT 
PEN high after LDCK 


Su 
h 
TA Operating free-air temperature 


—_ 
—_ 


tw _ Pulse duration 


—_ 
—_ 
—_ 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) : 
N TYPt MAX 
V 







T 
Wor __—_‘|voo=48¥, ion = -8 mA eae eae 
vo. eas Woo = 45 ioL = 8 mA 
Voc = 4.5V, lo = 16 mA | 
Voc = 5.5¥ Vi=Voc oF 0 aS ee 
loz Voc = 5.5 V, Vo =Vcc or 0 i 
Voc = 5.5 V, Vi = Voc — 0.2 V or 0 F400] A 
Voc = 5.5 V, One input at 3.4 V, Other inputs at Vcc or GND a 


Vo =0, f= 1 MHz 














at 
on 
< 

































ofolele 
O10 
++ 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C, = 50 pF (unless otherwise noted) (See Figures 7 and 8) | | 


FROM sid TO ‘ACT7808-20 ‘ACT7808-25 | ‘ACT7808-30 | ‘ACT7808-40 
PARAMETER 
qwpur) | (oureun)_[win_tvPT_wAX| MIN MAX[ MIN MAX| MIN MAX’ 


iDcKorwNoK| CT SSC~SCSCd iC 
a 


Any Q 11 15 45 18 22 






= 
an 
nN 
ro) 
> 
on 





UNCKT 


tery | LDCKT 
ae EMPTY 
tpHL | LDCKT 


— 
& 
— 
“J 
Pe 
— 
ice) 
B 
N 
— 





ae 
£ on 
—_ 
° 
ala 


NTN 
as 
PT Ph 
kt | 
Crm 
& EM TP 
N | — 
O};1o 
Nh | PO 
MT rh 
hf 


— 
© 
A 
N 
— 





iS 
a] a 
Ort OD 
Ba 
— 
~I 








UNCKT FULL 4 14{ 4 16 4 20 
PLH RESET low 2 20t 2 22) 2 24 
cDOKT ie] 218 






AFIAE 
tPLH 

tPLH 

tPHL a 


t UNCKT 
ea 
tPHL LDCKT 


ee ce ace 


[ten | __Xifigh 
; Any Q 
[tis | XO igh 


T All typical values are at Voc = 5 V, Ta = 25°C. 
+ This is the increase in supply current for each input, excluding XI, that is at one of the specified TTL voltage levels rather 0 V or Voc. 
§ This parameter is measured with C, = 30 pF (see Figure 3). 
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operating characteristics, Voc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS TYP | UNIT 
| Cod Power dissipation capacitance per FIFO channel | Outputs enabled Cy =50 pF, f=5MHz | ot | pF] 
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TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME | 


VS 
LOAD CAPACITANCE 


tod — Propagation Delay Time — ns 





0 50 100 150 200 250 300 
C. -— Load Capacitance — pF 


Figure 3 


SUPPLY CURRENT — 


Vs 
CLOCK FREQUENCY 


Ta = 75°C 






160 


140 





ae a we 7 
SER 228 
SenD7/4Ee 
ff Cveonsy | 





120} 


100 






I CC(f) — Supply Current —-mA 


0 
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felock — Clock Frequency — MHz 





Figure 4 
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TYPICAL CHARACTERISTICS 


calculating power dissipation 


With Ioc(f) taken from Figure 4, the maximum power dissipation (Py) of the SN74ACT7808 can be calculated 
using: 


Pt = Voc x [locity + (N x Alc x de)] + © (CL x Voc? x fo) 


A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 


Pt = Vcc x [loc + (N x Aloe x de)] + 2 (Cpg x Voc? x f) + E (CL x Ve? x fg) 


where: 
Icc = power-down Ico maximum 
N = number of inputs driven by a TTL device 
Alco = increase in supply current 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
Coq = power dissipation capacitance 
Ci = output capacitive load 
f = data input frequency 
fo = data output frequency 
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APPLICATION INFORMATION 


LDCK 
mx 


D9—D17 


DO-—D8 





Figure 5. Word-Width Expansion: 2048 Words by 18 Bits 
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depth cascading (see Figure 6) 


The SN74ACT7808 provides expansion logic necessary for cascading an unlimited number of the FIFOs in 
depth. CASEN must be low on all FIFOs used in depth expansion. FL must be tied low on the first FIFO in the 
chain; all others must have FL tied high. The expansion-out (XO) output of a FIFO must be tied to the 
expansion-in (XI) input of the next FIFO in the chain. The XO output of the last FIFO is tied to the XI input of 
the first FIFO to complete the loop. Data buses are common to each FIFO in the chain. A composite EMPTY 
and FULL signal must be generated to indicate boundary conditions. 











RESET 
OE 





FL CASEN FL CASEN 








SN74ACT7808 |SN74ACT7808 | 













XO} 





Xl 















|RESET OE 


| DO-—D8 Q0-Q8 BI 
| LDCK J 
9 UNCK | 
| 1FULL ib IFULL EMPTY | j 
a 7 Fe | 
SS, a0-a8 
Serer 
LDCK 


onre Ct Jt 


Figure 6. Depth Cascading to Form a 6K x 9 FIFO 
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PARAMETER MEASUREMENT INFORMATION 


ee epee 3V 
From Output Input 1.6V 
Under Test | | ov 
t t 
Ri = 5000 C_ = 50 pF | = at — —-~ ag 
LOAD CIRCUIT TOTEM-POLE OUTPUTS 
Figure 7. Standard CMOS Outputs (XO, EMPTY, FULL, AF/AE, HF) 
—----—- 3V 
7V Input 1.5V 1.5V 
/ | \ | 
L RL =R1=R2 oe | OV 
tPZL <_ 
= | | tpLrz ie 
R1 | | | 
From Output Test | | | | \7 en 
Under Test | Point Output | 1.5V es ¥. 
| == VOL 
CL R2 | tpyz Pl it ae 0.3V 
tpzH Pl ie | 
\/ Se OH 
sa 
— Output 1.5V 0.3. V 
=OV 
LOAD CIRCUIT | 
VOLTAGE WAVEFORMS 


fanmey of [si 
| 200: 50 pF 


500Q | 50pF 


T Includes probe and test fixture | een 


Figure 8. 3-State Outputs (Any Q) 
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@ Member of the Texas Instruments DL PACKAGE 
Widebus ™ Family (TOP VIEW) 
@ Free-Running Read and Write Clocks Can RESET 1; 
Be Asynchronous or Coincident D17 [le 
® Read and Write Operations Synchronized to D16 [}3 
independent System Clocks D15 [14 
® Input-Ready Flag Synchronized to Write D14 [5 
Clock D13 [Ie 
® Output-Ready Flag Synchronized to Read — =dI2 7 
Clock D11 [js 
© 64 Words by 18 Bits ves : 
® Low-Power Advanced CMOS Technology Be ; 9 
® Half-Full Flag and Programmable D8 [h102 
Aimost-Full/Almost-Empty Flag GND [1413 
® Bidirectional Configuration and Width D7 [14 
Expansion Without Additional Logic D6 [J 15 
© Fast Access Times of 12 ns With a 50-pF D5 16 
Load and All Data Outputs Switching D4 (17 
Simultaneously D3 [18 
@ Data Rates From 0 to 67 MHz D2 [19 
© Pin Compatible With SN74ACT7803 and of - 
SN74ACT7805 UE Nee 
® Packaged in Shrink Small-Outline 300-mil PEN 
Package (DL) Using 25-mil Center-to-Center AF/AE 
Spacing WRTCLK 
ee WRTEN2 U 
description WRTENT 
The SN74ACT7813 is a 64-word x 18-bit FIFO IR 





suited for buffering asynchronous data paths at 

67-MHz clock rates and 12-ns access times. Its 

56-pin shrink small-outline package (DL) offers 

greatly reduced board space over DIP, PLCC, and conventional SOIC packages. Two devices can be configured 
for bidirectional data buffering without additional logic. Multiple distributed Vcc¢ and GND pins along with TI’s 
patented output edge control (OEC™) circuit dampen simultaneous switching noise. 


The write clock (WRTCLK) and read clock (RDCLK) should be free running and can be asynchronous or 
coincident. Data is written to memory on the rising edge of WRTCLK when WRTENT1 is high, WRTEN2Z is low, 
and IR is high. Data is read from memory on the rising edge of RDCLK when RDEN, OE1, and OE2 arelow and © 
OR is high. The first word written to memory is clocked through to the output buffer regardless of the RDEN, 
OE1, and OE2 levels. The OR flag indicates that valid data is present on the output buffer. 


The FIFO can be reset asynchronously to WRTCLK and RDCLK. RESET must be asserted while at least four 
WRTCLK and four RDCLK rising edges occur to clear the synchronizing registers. Resetting the FIFO initializes 
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 


The SN74ACT7813 is characterized for operation from 0°C to 70°C. 


Widebus and OEC are trademarks of Texas Instruments Incorporated. 


PRODUCTION DATA Information is current as of publication date. - Copyright © 1992, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments 


standard warranty. Production processing does not necessarily include 
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logic symbolt 


RESET 
WRTCLK 
WRTEN1 
WRTEN2 
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oO 
m 
= 


Uv 
mi 
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DO 
D1 
D2 


D3. 


D4 
D5 
D6 
D7 
D8 
D9 

D10 
Di1 
Di2 
p13 
D14 
D15 
D16 
D17 


@ 
a FIFO 64 x 18 
RESET SN74ACT7813 


he _ 
K 


HALF-FULL 
ALMOST FULL/EMPTY 
OUT RDY 





Tt This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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functional block diagram 


WRTCLK 
WRTEN1 
WRTEN2 





Pt 
m 
” 
mr 
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U 
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= Output 
Fl Control 
Synchronous | Location2 _| 
[| Read oo 
Pointer 
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ee hee 
Pointer | 
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Terminal Functions 


TERMINAL 
DESCRIPTION 
Almost-full/almost-empty flag. Depth offset values can be programmed for AF/AE, or ihe default 
AF/AE value of 8 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is 
high when memory contains X or less “ae or (64 — Y) or more words. AF/AE is high after reset. | 
DO- D17 “5 i We Es The 18-bit data input port 


a oer eee eo Half-full flag. HF is high when the FIFO memory contains 32 or more words. HF is low after reset. 


=e Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the 
IR 28 | 


FIFO is full and writes are disabled. IR is low during reset and goes high on the second low-to-high 









transition of WRTCLK after reset. | 
Output enables. When OE1, OE2, and RDEN are low and OR is high, data is read from the FIFO 
































E1, OE2 56, 30 on a low-to-high transition of RDCLK. When either OE1 or OE2 is high, reads are disabled and the 
data outputs are in the high-impedance state. 
Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the | 

FIFO is empty and reads are disabled. Ready data is present on QO-Q17 when OR is high. OR is 

low during reset and goes high on the third low-to-high transition of RDCLK after the first word is 
loaded to empty memory. ; 

PEN Perey enable. After reset and before the first word is written to the FIFO, the binary value on 

ele is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 
33-34, 36-38, | The 18-bit data output port. After the first valid write to empty memory, the first word is output on 
Q0-Q17 40-43, 45-49, | Q0-—Q17 on the third rising edge of RDCLK. OR is also asserted high at this time to indicate ready 
51, 53-55 data. When OR is low, the last word read from the FIFO is present on QO—Q17. 






Read clock. RDCLK is a continuous clock and can be asynchronous or coincident to WRTCLK. A 
low-to-high transition of RDCLK reads data from memory when OE1, OE2, and RDEN are low and 
OR is high. OR is synchronous to the low-to-high transition or RDCLK. 


Leen enable. When RDEN, OE1, and OE2 are low and OR is high, data is read from the FIFO on 
ile low-to-high transition of RDCLK. 
re To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of | 
Pa leer must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. 


Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK. A 
low-to-high transition of WRTCLK writes data to memory when WRTEN2Z is low, WRTEN1 is high, 
and IR is high. IR is synchronous to the low-to-high transition of WRTCLK. 
ihe eae enables. When WRTEN1 is high, WRTEN2 is low, and IR is high, data is written to the FIFO 
ak a low-to-high transition of WRTCLK. 













| -RDCLK 32 or 
WRTCLK ces 


WRTENT, 
WRTEN®2 27, 26 
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Q0-Q17 Invalid 


















SRN Sonicare 
RS Pom EAE | 5550505 


x 4 
arms QSOS | 
ZN ANN NNN | 





Ks SX 
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Define the AF/AE Flag Using 
the Default Value of X = Y=8 


Figure 1. Reset Cycle 
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RESET 
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WRTCLK 
WRTEN1 
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Q0-Q17 Invalid | Wi 


OR | | | | 
| | | | 
| | 

AFIAE | | l 
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Figure 2. Write Cycle 
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Figure 3. Read Cycle 
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offset values for AF/AE 


The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 8 are used. The AF/AE flag is high 
when the FIFO contains X or less words or (64 — Y) or more words. : 


Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binary value on DO—D4 is 
stored as the almost-empty offset value (X) and the almost-full offset value (Y). Holding PEN low for another - 
low-to-high transition of WRTCLK reprograms Y to the binary value on DO—D4 at the time of the second 
WRTCLK low-to-high transition. When the offsets are being programmed, writes to the FIFO memory are 
disabled regardless of the state of the write enables (WRTEN1, WRTEN2). A maximum value of 31 can be 
programmed for either X or Y (see Figure 4). To use the default values of X = Y = 8, PEN must be held high. 
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Figure 4. Programming X and Y Separately 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


SUDpIy VOHAUS TanGeG. VEG eisnciesieesnsdeeaieheiee ou woah ia age nee aaessetuueats -0.5Vto7V 
INDULVONAQO SVG: nustcctinde date da tie bads ences aueuhagie Sonesta la ee ee 7V 
Voltage applied to a disabled 3-state output .... 0... cece eee eee eee eeee 5.5 V 
Operating free-air temperature range, Ty... .. ee eee eee cece eect e eee ete eet e ee eeeeee 0°C to 70°C 
Storade temperature vande: + sig.caacy ns da eden ai ea eae eas eae Agee nea eae an -65°C to 150°C 


tT Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions 


aaa OTSA] eT OMG ORATOR 
Ca 
Vit Lowlevelinputvotage ———=—S~—~—Ss~sSCSC~CtECC~C‘ CCC 

ee a ae 


[Gouipts dS ]SCSC*C*‘SYSCOC*C*‘“‘S'i 
Low-level output current 
as a; AA ANNA: SARA 
flock __ Clock frequency ee] Sa | eT eR 


WATCKhghorlow [6 [7 | 8 | 2 
PEN ow es a sO 


DO—D17 before 

WRTCLKT 

WRTEN1, WRTEN2 

before WRTCLKT 
OE1, OE2 

tsy Setup time before RDCLKT 


























tw Pulse duration 


















| RDEN before RDCLKT 


Reset: RESET low 
before first WRTCLKT 





and RDCLKTT 
PEN before WRTCLKT 


DO-—D17 after 

| WRTCLKT 
WRTEN1, WRTEN2 
after WRTCLKT 
OE1, OE2, RDEN 
after RDCLKT 

th Hold time Reset: RESET low 
after fourth WRTCLKT 





and RDCLKTT 


PEN high 

after WRTCLKL 

PEN low after 

WRTCLKT 
Operating free-air temperature 


- . permit the clock pulse to be utilized for reset purposes 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


- PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 





















| VOH Voc =4.5V, IOH =-8mA 2.4 oa 
vo. [rats__[woo= 45% ioL = 8 mA eT 
[@outpuis_|Voo= 45. ion = 16mA SS.) 
a Voo=55V vi=Voo ord 
Ca ET BBV, _Vo=Vooer0 
=Voo-02V0r0 | en) 
Alcct — 5.5 V, _One input at 3.4 V, Other inputs at Vcc or GND 1} 
[oo *(o=0 ft MH aC SB 


t All typical values are at Vcc = 5 V, Ta = 25°C. 
+ This is the supply current for each nee that is at one of the specified TTL voltage levels rather than 0 V or Vcc. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 50 pF (see Figures 9 and 10) 
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§ This parameter i is measured with a 30-pF load (see Figure 2h 
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sila characteristics, Voc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS UNIT 


Power dissipation capacitance Outputs enabled Ci =50pF, f=5MHz tL 
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TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME 


VS 
LOAD CAPACITANCE 





C,. — Load Capacitance - pF 


Figure 5 


SUPPLY CURRENT 


VS 
CLOCK FREQUENCY 
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Figure 6 
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TYPICAL CHARACTERISTICS 


calculating power dissipation 


With loc(f) taken from Figure 6, the maximum power dissipation oe based on all data outputs changing states 
on each read can be calculated using: 


Pr = Voc x [locity + (N x Alc x de)] + Z(CL x Voc? * fo) 


A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 


Pt = Voc x llcc + (N xAlcc x de)] + B(Cpg x Voc? x f) + E(CL x Voc? * fo) 


where: 
Icc =  power-down Icc maximum 
N = number of inputs driven by a TTL device 
Alcc =_ increase in supply current 
de = duty cycle of inputs at a TTL high level of 3.4 V 
Cod = power dissipation capacitance 
CL = output capacitive load 
fi = data input frequency 
fo = data output frequency 
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ab 


APPLICATION INFORMATION 











SN74ACT7813 
> WRTCLK RDCL CLOCK B 


aie WRTEN1 om W/RB 
CSA WRTEN2 CSB 
18 
DO-D17 Q0-Q17 BO-B17 
' SN74ACT7813 - 


> RDCLK WRTCLK< 
OE WRTEN1 
RDEN WRTEN2 
OE2 


CLOCK A 
W/IRA 











el 
18 
A0-A17 


Figure 7. Bidirectional Configuration 


SN74ACT7813 
WRTCLK > WRTCLK RDCLK 
WRTEN1 WRTEN1 
WRTEN2 WRTEN2 OE1 


aim a oy 
ait eas (ee ee = 
DO-D35 st DO-D17 


SN74ACT7813 
> WRTCLK RDCL 






Q0-Q35 
Figure 8. Word-Width Expansion: 64 x 36 Bits 
vis | 
TEXAS 


INSTRUMENTS 


POST OFFICE BOX 655303 @ DALLAS. TEXAS 75265 5-297 





SN74ACT7813 _ 
64 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 


SCAS199 —- JANUARY 1991 — REVISED APRIL 1992 


PARAMETER MEASUREMENT INFORMATION 


pr RR) RR 3V 
From Output . ! GND 
| 


Under Test | 
t 4» 
Ri = 500Q CL = 50 pF ids : ae tod — 
l —— 3V 
” ” OV 
LOAD CIRCUIT TOTEM-POLE OUTPUTS 
Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE) 
3V 
input 1.5V 1.5V 
| lates OY 
7V tpzL—pl ke | 
| | teiz > be 
Spe ~3.5V 
Si Ri =R1=R2 | | | 
Ri Output | 15v. | | a 
age NOL 
From Output | 
Under Test Test Point a tpyz > ie < 0.3V 
‘PZH i: Lal 
R2 : —— VOH 
CL | a ae 
Output | 1.5V Te: 0.3V 
= =OV 
LOAD CIRCUIT | VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 


| PARAMETER | R1,R2 | 


} ten PEA 500.0 


| tez_| 
; | tpHZ | 
toa «5008 


Tt Includes probe and test-fixture capacitance 


Figure 10. 3-State Outputs (Any Q) 
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@® Member of the Texas Instruments DL PACKAGE 
Widebus ™ Family (TOP VIEW) 


@ Load Clock and Unload Clock Can Be 
Asynchronous or Coincident 


© 64 Words by 18 Bits pie f3 sat] Q16 
@ Low-Power Advanced CMOS Technology p15 [V4 531] Q15 
@ Full, Empty, and Half-Full Flags D14 [5 521) GND 
@ Programmable Almost-Full/Almost-Empty D13 6 51|} Q14 

Flag D12 Y7 50) Vcc 


® Fast Access Times of 15 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 


@ Data Rates From 0 to 50 MHz 


© 3-State Outputs GND [J13 = 44{] GND 
@ Pin Compatible With SN74ACT7804 and D7 14 = 43 7 Q8 
SN74ACT7806 | D6 }15 = 421} Q7 
© Packaged in Shrink Small-Outline 300-mil DS 16 = 414} QE 
Package (DL) Using 25-mil Center-to-Center D417 9401} Q5 

Spacing D3 18 391} Voc 
D219 =—s_- 38 J Q4 
description D1 {20 §3=—. 37 [J Q3 
. DO [21 361] Q2 

A FIFO memory is a storage device that allows HF []22 351] GND 
data to be written into and read from its array at PEN [123 34] Qt 


independent data rates. The SN74ACT7814 is a 
64-word by 18-bit FIFO for high speed and fast 
access times. It processes data at rates up to 
50 MHz and access times of 15 ns in a bit-parallel 
format. 





FULL [J28 = 29] EMPTY 
Data is written into memory on a low-to-high 
transition at the load clock (LDCK) input and is 
read out on a low-to-high transition at the unload clock (UNCK) input. The memory is full when the number of 
words clocked in exceeds the number of words clocked out by 64. When the memory is full, LDCK signals have 
no effect on the data residing in memory. When the memory is empty, UNCK signals have no effect. 


Status of the FIFO memory is monitored by the full (FULL), empty (EMPTY), half-full (HF), and 
almost-full/almost-empty (AF/AE) flags. The FULL output is low when the memory is full and high when the 
memory is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF 
output is high when the FIFO contains 32 or more words and is low when it contains 31 or less words. The AF/AE 
status flag is a programmable flag. The first one or two low-to-high transitions of LDCK after reset are used to 
program the almost-empty offset value (X) and the almost-full offset value (Y) if program enable (PEN) is low. 
The AF/AE flag is high when the FIFO contains X or less words or (64 — Y) or more words. The AF/AE flag is 
low when the FIFO contains between (X + 1) and (63 — Y) words. 


A low level on the reset (RESET) input resets the internal stack pointers and sets FULL high, HF low, and EMPTY 
low. The Q outputs are not reset to any specific logic level. The FIFO must be reset upon power up. The first 
word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs. It is 
important to note that the first word does not have to be unloaded. The data outputs are noninverting with respect 
to the data inputs and are in the high-impedance state when the output-enable (OE) input is high. 


The SN74ACT7814 is characterized for operation from 0°C to 70°C. 


Widebus is a trademark of Texas Instruments Incorporated. 
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logic symbolt 


® 
FIFO 64 x 18 
SN74ACT7814 






RESET I RESET 
25 LK 28 __ 
LDCK FULL pe FULL 
2 A 
UNCK 3 b> UNCK HALF FULL 4 HF 
_. +56 x ALMOST FULL/EMPTY 56 AF/AE 
LOE 23 EMPTY EMPTY 
PEN 4 PROGRAM ENABLE 
21 33 
DO — Q0 
20 34 
D1 Qi 
19 36 
D2 Q2 
18 37 
D3 Q3 
D4 u 36 Q4 
16 40 
D5 Q5 
15 41 
D6 Q6 
14 42 
D7 Q7 
12 43 
D8 Qs 
, 1 45 
D9 ; a ag 
D10 ‘5 c Qi0 
D11 : is Q11 
D12 Q1i2 
6 49 
D13 : Q13 
D14 ; ae Q14 
D15 5 6s Q15 
D16 Q16 
2 55 
D17 Q17 





tT This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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functional block diagram 








OE 
DO-—D17 
Location 1 
Read [ ————SS—«S cation 2 
UNCK Pointer 
aaa 64 x 18 SRAM 
Write Perce 
LDCK 
Pointer a | Location 63 
Location 64 
Lh, Qo -a17 
EMPTY 
Reset eSietas 
PEN ai 
AF/AE 





Terminal Functions 


TERMINAL 
VO DESCRIPTION 
NAME NO. | 


Almost-full/almost-empty flag. Depth offset values can be programmed for AF/AE, or the default value 
24 of 8 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is high when 
memory contains X or less words or (64 — Y) or more words. AF/AE is high after reset. 


ce 12-11, ES The 18-bit data input port 


-2 
29 Empty flag. EMPTY is high when the FIFO memory is not empty; EMPTY is low when the FIFO memory 
is empty or upon assertion of RESET. 


Full flag. FULL is high when the FIFO memory is not full or upon assertion of RESET; FULL is low when 
the FIFO memory is full. , 


HF 22 | © | Half-full flag. HF is high when the FIFO memory contains 32 or more words. HF is low after reset. 
LDCK 25 | 1 | Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high. 
Output enable. When OE is high, the data outputs are in the high-impedance state 


OE : 
PEN 03 Program enable. After reset and before the first word is written to the FIFO, the binary value on DO—D4 
is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 


33-34, 36-38, 
Q0-Q17 40-43, 45-49, The 18-bit data output port 


AF/AE 








51, 538-55 
Reset. A low level on RESET resets the FIFO and drives FULL high and HF and EMPTY low. 


| RESET 1 
UNCK 32 Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. | 
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The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. The AF/AE flag will be high when the, FIFO contains X or less words or (64 — Y) or more words. 


To program the offset values, PEN can be brought low after reset only when LDCK is low. On the following 
low-to-high transition of LDCK, the binary value on DO—D4 is stored as the almost-empty offset value (X) and 
the almost-full offset value (Y). Holding PEN low for another low-to-high transition of LDCK reprograms Y to the 
binary value on DO—D4 at the time of the second LDCK low-to-high transition. Writes to the FIFO memory are 
disabled while the offsets are programmed. A maximum value of 31 can be programmed for either X or Y 
(see Figure 1). To use the default values of X = Y = 8, PEN must be held high. 





EMPTY IN / 


Figure 1. Programming X and Y Separately 
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- Figure 2. Write, Read, and Flag Timing Reference 


Define the AF/AE Flag Using 
the Default Value of X and Y 


EMPTY 
AF/AE 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VoC .... cece ec ee eee eeeeees US Seen en matamie a nanem ee eulae Guan -0.5Vto7V 
INDUEVONADG, Vi edi. bs taeeu ade gan chose eee ahutewaeuc aie aces ne dee oaauneneda te aaccapocend sane 7V 
Voltage applied to a disabled 3-state OutpUt ... 0... ccc cc eee cee eee eee ete eeteeetenees 5.5 V 
Operating free-air temperature range, Ta... .. cece cece cece cece eee e tenet ete tetneenees 0°C to 70°C 
Storage temperature range ......... cece eee eee e eet e eet eeees Ssiuunolnagtaloa eatin See —65°C to 150°C 


tT Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absoiute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 





‘ACT781 4-20 | “ACT7814-25 ae 4-40 UNIT 


Lal 


iw oi = 
=) oO Oo 





CC Supply voltage 
VIH High-level input voltage 
Vib Low-level input voltage 


3 
> 


IOH High-level output current Q outputs, Flags 


3 
> 


IOL Low-level output current 
Flags 


MH 


folock Clock frequency 


N 


LDCK high or low 
UNCK high or low 





tw Pulse duration 


RESET low 


DO—D17 before LDCKT 
Setup time PEN before LDCKT 

LDCK inactive before RESET high 

DO- D17 after LDCKT 

LDCK inactive after RESET high 
Hold time 

PEN low atter LDCKT 

PEN high after LDCKL 


- Operating free-air temperature 








electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP$ MAX 


Von Voc = 4.5 V, lOH =-8 mA 
Voc = 4.5 V, lo. = 8 mA 


2 cre 
pO | 
[@ouipuis_|Voo= 45 ioL = 18 mA Ci 
a Vi=Voo oro CC 
=oS =5.5V, Vo =Vcc or 0 Saas 

loc _|Vi-Voo-02ve0 SSS | SOO A 
faicoS _____|Voc=55V, __Oneinputat.4V, _OtherinputsatVggarGND | SST |S 
ee oT ST a CT SAA See HAR 
foo Cid SC MSSC—“—*~s*s*~*~*—*—‘“*S*S*ésdSC“‘(C®SN(CSCN’COC#C#*CCOWF~*C 


+ All typical values are at Voc = 5 V, Ta = 25°C. 
§ This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or VCC: 


UNIT 








a 

%) 
a 

o 








3|5 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 50 pF (unless otherwise noted) (see Figures 5 and 6) 


FROM 'ACT7814-20 ‘ACT7814-25 | ‘ACT7814-40 
PARAMETER 
| PARAMETER | (INPUT) re MIN TYPT MAX 


P1085 


| 
Pe AFIBE 


RESET | RESETiow — 






UNIT 


oO 


NO 
NO 
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—_ fo 
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hE 
ae oe ee 
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hIDT OD 
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(o>) O | O 
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oe Bok me 
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NI] N 
roo ep) 
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© 
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Nh 
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NTN 
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Np 


on 
Nh 
oO 
on 
N 
ine) 


NP OFT PO 
ot JF eA Ff wa fF 
COololoto 
N 
NO — 
© RO 
NN N 
Rg - 
NO as 
) * oy 
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'PHL 


ioe) 
sh 
| 
MOTOEN 
— 
aw 
OO 
— 
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f 


Sky | Q 


NO 
nN 
N 


tdis 


T All typical values are at Voc = 5 V, Ta = 25°C. 
+ This parameter is measured at C, = 30 pF (see Figure 3). 


a a 





operating characteristics, Voc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS UNIT 





Cod Power dissipation capacitance per FIFO channel | Outputs enabled CL =50pF, f=5MHz 
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TYPICAL CHARACTERISTICS 


eee DELAY TIME 
LOAD CAPACITANCE 
Voc=5V 


Ta = 25°C 
Ry. = 500 Q 


tod — Propagation Delay Time -ns 
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C,. — Load Capacitance — pF 


Figure 3 


SUPPLY CURRENT 
VS 
CLOCK FREQUENCY 
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ICc(f) - Supply Current -mA 
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| felock — Clock Frequency — MHz 


Figure 4 
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TYPICAL CHARACTERISTICS | 


calculating power dissipation 


With Icc fy) taken from Figure 4, the maximum power dissipation (Py) based on all data outputs changing states 
on each read can be calculated using: 


Pr = Voc x llecip + (N x Alc x de)] + E(CL x Voc? x fo) 


A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 


Pt = Voc x [loc + (N x Alcg x de)] + 2(Cpq x Voc? x fi) + Z(CL x Vec? x fo) 


where: 
Ilcc = power-down Icc maximum 
N = number of inputs driven by a TTL device 
Alcc =_ increase in supply current 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
Cog = power dissipation capacitance 
Cy = Output capacitive load 
f = data input frequency 
fo = data output frequency 
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SN74ACT7814 
UNC 





LDCK UNCK 
FULL & EMPTY 
OE 


D18 -D35 > 18-095 


SN74ACT7814 
LDCK UNCK 


FULL EMPTY 


Do-D17 ae a onal 


Figure 5. Word-Width Expansion: 64 Words by 36 Bits 
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PARAMETER MEASUREMENT INFORMATION 


_-—----— 3V 

input : 

From Output aad GND 
Under Test | | | | 
tba ¢-——> 
RL = 5000 CL = 50 pF pd | = tod 

| fee ON 
: ” OV 

LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 6. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE) 
3V 
Input 1.5V 1.5V 
| ee ae OV 
7V tpz_—p! | 
q | | tpez > le 
-Ri- , =3.5V 
54 Ry = R1=R2 | [ | 
SSS = VOL 
From Output | 
Under Test Test Point ere tpoz >| it a 0.3V 
PZH ae Von 
CL R2 . | eee ee 
Output 1.5V Te 0.3 V 
= | =OV 
LOAD CIRCUIT VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 







CPARAWETER [ AiR? [| ct [si 
a. ee BC 
t 


| [Open 
Pte «| s00a | s0nF [Open 


t Includes probe and test-fixture capacitance 


Figure 7. 3-State Outputs (Any Q) 
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@ Member of the Texas Instruments @ Input-Ready, Output-Ready, and Half-Full 
Widebus™ Family Flags 
@ Independent Asynchronous Inputs and ® Expandable in Word Width and/or Word 
Outputs Depth 
® Read and Write Operations Can Be @ Fast Access Times of 11 ns With a 50-pF 
Synchronized to Independent System Load | 
Clocks ® High Output Drive for Direct Bus Interface 
@ Programmable Almost-Full/Almost-Empty ® Available in 68-Pin PLCC (FN) or 
Flag Space-Saving 80-Pin Shrink Quad Flat (PN) 
® Pin-to-Pin Compatible With SN74ACT7882, Packages 
SN74ACT7884, and SN74ACT7811 
FN PACKAGE 
(TOP VIEW) 
goes It 2 r 
Per 2a oo Wl oem es 2 
qqgoqg0acrrolr>OOS>C0000 
98765 432 
D14 E Voc 
D13 59{] Q14 





D12 58L} Q13 
D11 57L] GND 
D1i0 | 56L] Q12 
D9 551] Q11 
Voc 54 || Voc 
D8 531] Q10 
GND 52L} Q9 
D7 51L] GND 
D6 50L] Q8 
D5 49[] Q7 
D4 48 | | Voc 
D3 471] Q6 
D2 [24 46] Q5 


Cs ee ee ee 2 ee een ee ee ee ee 
LAXS=S=NOWANRKOBSrANNRMDH 
tIz7w~xzz2zOterz-TSOcgegezadcoa 
OgOUWS> ECS > O > 

FEE” & 

eo. 

sss 


Widebus is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA Information Is current as of publication date. Copyright © 1994, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments 


® 
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PN PACKAGE 
(TOP VIEW) 





NC L}1 60 L] Vcc 
GND [J2 591} Vcc 
GND []3 58 L| NC 
Q16[]4 57 [| Q3 
Q17 | ]5 56 [| Q2 
Voc Lié 55 L| GND 

OR |]7 541) Q1 
GND LI8 53 L| QO 
Voc Lig 5211 Vcc 

RESET |} 10 51 || HF 

OE L111 50 LI IR 


RDEN2 [J 12 | 49 |] GND 


RDEN1 |} 13 48 || GND 
RDCLK [}14 | 47 [] AF/AE 
GND |] 15 46 1} Vcc 
D17 [16 45 |] WRTEN2 
D16} 117 441}|WRTEN1 
Di5([]}18 43 [] WRTCLK 
NC[]}19 — 42 [] GND 


NC (20 | 41 | }NC 


NC — No internal connection 


description 


A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7881 is organized as 1024 x 18 bits. The SN74ACT7881 processes data at rates up 
to 67 MHz and access times of 11 ns in a bit-parallel format. Data outputs are noninverting with respect to the 
data inputs. Expansion is easily accomplished in both word width and word depth. 


The SN74ACT7881 has normal input-bus-to-output-bus asynchronous operation. The special enable circuitry 
adds the ability to synchronize independent reads and writes to their respective system clocks. 


The SN74ACT7881 is characterized for operation from 0°C to 70°C. 





ae - TEXAS 
INSTRUMENTS 


5-312 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


logic symbolt 


RESET 
WRTCLK 
WRTEN1 
WRTEN2 


RDCLK 
RDEN1 
OE 
RDEN2 
DAF 


DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
Di6 
D17 
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30 
31 
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26 
25 
24 
23 
22 
21 
20 
19 
17 
15 
14 
13 
12 
11 
10 


SN74ACT7881 


1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 


SCAS227B — FEBRUARY 1993 — REVISED OCTOBER 1994 





© 
FIFO 
SN74ACT7881 — 1024 x 18 






| RESET 


IN RDY 
HALF FULL 
> RDCLK ALMOST FULL/EMPTY 
OUT RDY 





WRTEN 








I> DEF ALMOST FULL 





T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


_ Pin numbers shown are for the FN package. 


35 
36 


33 
66 


38 
39 
41 
42 
44 
46 
47 
49 
50 
52 
53 
55 
56 
58 
59 
61 
63 
64 


HF 


AF/AE 
OR 


Qo 
Qt 
Q2 
Q3 
Q4 
Qs 
Q6 
Q7 
as 
ag 
Q10 
att 
Q12 
Q13 
Qi4 
Q15 
Qi6 
Q17 





ba TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


5-313 


SN74ACT7881 teas 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 


SCAS227B — FEBRUARY 1993 — REVISED OCTOBER 1994 





functional block diagram 


Te 
RDENT—] conta cans a 
RDEN2 | 

1024x18 
WATE em ‘Synchronous = 


Write 
WRTEN1 Wite eee oe 
els am a Pointer 


Control | ae eee, 
-_ | ae 


Reset Logic 
RESET : 
OR 


OE 





DO-D17 



















Oo 
> 
n 


AF/AE 
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Terminal Functions 


TERMINAL 
VO DESCRIPTION 
NAME NO. ; 


Almost-full/almost-empty flag. The AF/AE boundary is defined by the almost-full/almost-empty offset 
value (X). This value can be programmed during reset, or the default value of 256 can be used. AF/AE 
is high when the FIFO contains (X + 1) or less words or (1025 — X) or more words. AF/AE is low when 
the FIFO contains between (X +2) and (1024 - X) words. 
Programming procedure for AF/AE — The almost-full/almost-empty flag is programmed during each 
reset cycle. The almost-full/almost-empty offset value (X) is either a user-defined value or the default 
of X = 256. Instructions to program AF/AE using both methods are as follows: 

User-defined X 

Step 1: Take DAF from high to low. 

Step 2: If RESET is not already low, take RESET low. 

Step 3: With DAF held low, take RESET high. This defines the AF/AE using X. 

Step 4: To retain the current offset for the next reset, keep DAF low. 


Default X | 
To redefine AF/AE using the default value of X = 256, hold DAF high during the reset cycle. 


Define-almost-full. The high-to-low transition of DAF stores the binary value of data inputs as the 
DAF 27 almost-full/almost-empty offset value (X). With DAF held low, a low pulse on RESET defines the 


almost-full/almost-empty (AF/AE) flag using X. 
DO-—D17 26-19, 17, 15- 











AF/AE 33 









Data inputs for 18-bit-wide data to be stored in the memory. A high-to-low transition of DAF captures 
data for the almost-empty/almost-full offset (X) from D8—DO. 


Half-full flag. HF is high when the FIFO contains 512 or more words and is low when the number of 
words in memory is less than half the depth of the FIFO. 








Input-ready flag. IR is high when the FIFO is not full and low when the device is full. During reset, IR 
is driven low on the rising edge of the second WRTCLK pulse. IR is then driven high on the rising edge 
of the second WRTCLK pulse after RESET goes high. After the FIFO is filled and IR is driven low, 
IR is driven high on the second WRTCLK pulse after the first valid read. 












Output enable. The QO—Q17 outputs are in the high-impedance state when OE is low. OE must be 


OF high before the rising edge of RDCLK to read a word from memory. 






Output-ready flag. OR is high when the FIFO is not empty and low when the FIFO is empty. During 
reset, OR is set low on the rising edge of the third RDCLK pulse. OR is set high on the rising edge 
of the third RDCLK pulse to occur after the first word is written into the FIFO. OR is set low on the 
rising edge of the first RDCLK pulse after the last word is read. 






OR 66 












Data outputs. The first data word to be loaded into the FIFO is moved to Q0-Q17 on the rising edge 
of the third RDCLK pulse to occur after the first valid write. RDEN1 and RDEN2 do not affect this 
operation. Following data is unloaded on the rising edge of RDCLK when RDEN1, RDEN2, OE, and 
OR are high. 


Read clock. Data is read out of memory on the low-to-high transition of RDCLK if OR, OE, RDEN1, 
and RDEN2 are high. RDCLK is a free-running clock and functions as the synchronizing clock for all 
data transfers out of the FIFO. OR is also driven synchronously with respect to the RDCLK signal. 


46-47, 49-50, 
52-53, 55-56, 
58-59, 61, 638-64 






QO0-Q17 




















| Reset. A reset is accomplished by taking RESET low and generating a minimum of four RDCLK and 
WRTCLK cycles. This ensures that the internal read and write pointers are reset and that OR, HF, 
and IR are low, and AF/AE is high. The FIFO must be reset upon power up. With DAF at a low level, 
a low pulse on RESET defines AF/AE using the almost-full/almost-empty offset value (X), where X 
is the value previously stored. With DAF at a high level, a low-level pulse on RESET defines the 
AF/AE flag using the default value of X = 256. 





















38-39, 41-42, 44, le 
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. TERMINAL 
Ne) 
NAME NO. |. 
30 


WRTEN1, 
WRTEN2 


Terminal Functions (Continued) | 


| DESCRIPTION 


Write clock. Data is written into memory on a low-to-high transition of WRTCLK if IR, WRTEN1, and 
WRTEN2 are high. WRTCLK is a free-running clock and functions as the synchronizing clock for all 
data transfers into the FIFO. IR is also driven synchronously with respect to WRTCLK. 


Write enable. WRTEN1 and WRTEN2 must be high before a rising edge on WRTCLK for a word to 
be written into memory. WRTEN1 and WRTEN2 do not affect the storage of the almost-full/almost- 
empty offset value (X). 



















31 






















































































































































DAF SEES Ne ERS ISIS SS RRR 
WRTCLK | a 2 3 | 4 1 2 
TALL EC cosasesccscone Mahe esconeseeseoneseeeeoeeneeel | 
WRTEN2 3SOOOOOOY. HEME Gare WOOHOO ooooooer ! 
DO-DI7 SIR Fo SRF IX BSS SII 































| : 
RDCLK f Lif 7] f 2] Pius FT] f ) 
| | 


CAA AAAAR KAA KARAAX 
RDENT SOR DON EAE ORK 
















RDEN2 


OE | | l | | | 


Q0-Q17 invalid 












OR 





OSS Te | | | 
CLK : 


6\4N2 





AF/AE 


Store the Value of Data as X | | Define the AF/AE Flag Using the 
Programmed Value of X 
tT X is the binary value on D8—DO. 


Figure 1. Reset Cycle: Define AF/AE Flag Using a Programmed Value of X 
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Don’t Care | | | 



































SOO DOME GALE SSRN 
























5555250558, DOME Care SKK KKK HH | 
SSSI DOME GALE SOREN 
























































SSS DOME CAPE RXR ROHS GOON 


XXX 






























































RGF Ot FFE, RRR OY 





Cx xX 








































RRR 2 HE IE ORR ROR RRL RK 


\ 2) 2% ava 




























a OF NF oF OF NE OF OF oo no on no Oo ne on ne AO OD ee a 1 (OY OO 

























SOX OK Iiwvalid ox S585 


CN ZNANZNANZY ZG) 













| Define the AF/AE Flag Using 
the Default Value of X = 256 


Figure 2. Reset Cycle: Define AF/AE Flag Using the Default Value fo X = 256 
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RESET 
























CECECCEECEEE CECE COCO EES. Soni Gare wore —FCCCECCEECEECECE ECC CECE 
£55555 555555555550 DOM TEAS KKK 5655555555560 


WATCLK LP LU La LL 1 PL LL 


WRTEN1 
WRTEN2 of °° °° °° °°» — eer  « . «*. 
: | | | | | 
~o-o7 — Tw 1 Tel [=> oe eo 
| | | | | | 

| | | | | | 














RDEN1 
RDEN2 
OE 
Qo-ai7 
OR 
AF/AE 


HF 





DATA WORD NUMBERS 
FOR FLAG TRANSITIONS 


TRANSITION WORD 


W513 W(1025 — X) W1025 


Figure 3. Write Cycle 
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WRTEN2 : | | | 
N\A 













\/ x 


DO=D17 PF BRR DONE Care OS ORK 
RDCLK | | ft] fF] ma "| Ff ] 
RDEN1 I | : | | | | 
| | | | | | 
RDEN2 __| | | | | r | 
| | | | | | 
OE | | | | | | | | 
Q0-Q17_ wi (wi X we ) w3 Wx) K W%2),, A XB c X pb —E Xx F 
| | | L_ 


OR } 



















DATA WORD NUMBERS FOR FLAG TRANSITIONS 
TRANSITION WORD 


A B Cc D E F 
W513 W514 W(1024-X) W(1025-X) W1024 W1025 





Figure 4. Read Cycle 
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absolute maximum ratings over operating free-air temperature rangeT 


Supply voltage range, Voo .. ee cece cece eee ee eee eee eee eee re eee innit oeke -0.5Vto7V 
Input voltage, Vj ............. 2 eee eee EC LET CT eT LO ee rs eee Ce ee Ce eee eer ee 7V 
Voltage applied to a disabled 3-state output 0.0.0.0... cc cee ccc cece eect eee eet eeeneneeaes 5.5V 
Operating free-air temperature range, Ty .........- cee cece eee eee eee ee tet ee een eeneee 0°C to 70°C 
Storage temperature range ........ ccc cee ce ete e eee eee e eee teeeeesesrceseees ~O5°C tO 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


O02 








VIH High-level input voltage 
Vi, _LowlevelinputvotageOSSCSCSSCSCSCSSTTTCY CSC 
IOH High-level output current | PBL mA 
lOL Low-level output current . 


TA Operating free-air temperature | 0 70] cc | 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


[Von [Weo=45v, iOH=—8 mA 
eos 5v, vi =Vog ord ss 
W=Voo-02Ver0 SSSA 

cc8 
SS 7 SE 
[co SdVo=0SSOSCS—SS te SC—C—SsSSC“‘CS™~*dCO 


+ All typical values are at Voc = 5 V, Ta = 25°C. 
§ Ioc tested with outputs open. 











= 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 4) 


‘ACT7881-15 | ’ACT7881-20 | ‘ACT7881-30 
[MIN MAX| MIN MAX| MIN MAX] ~~ 

















tw Pulse duration 


RDCLK high 
RDCLK low 
DAF high 


DO—D17 before WRTCLKT 
WRTEN1, WRTEN2 high before WRTCLKT 
OE, RDEN1, RDEN2 high before RDCLKT 
Setup time Reset: RESET low before first WRTCLKT and 
RDCLKTT 
Define AF/AE: DO—D8 before DAF! 
Define AF/AE: DAF before RESETT 
Define AF/AE (default): DAF high before RESETT 


tsu 
DO-D17 after WRTCLKT 
th 





=|/= 
pel ee) 
i 
fe} ke) 
fT |} 
AIX 
Oo} 2. 
=|$ 





WRTEN1, WRTEN2 high after WRTCLKT 
OE, RDEN1, RDEN2 high after RDCLKT 


Reset: RESET low after fourth WRTCLKT and | 
RDCLKTT . 


Define AF/AE: DO—D8 after DAFL 

Define AF/AE: DAF low after RESETT 

Define AF/AE (default): DAF high after RESETT 
t To permit the clock pulse to be utilized for reset purposes 


Hold time 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 50 pF (unless otherwise noted) (See Figures 7 and 8) | 


SieRMETER FROM | "ACT7881-15 | ACT7881-20 | ACT7681-30 
Pur cure [wn wax] wan wax] wna] ONT 


WATCLK or ROGLK 


t RDCLKT Any Q 


ee TG 
RDGLKT z 
WRTCLKT ae 
pd RDCLKT 

ten 







- 
Oo 


O}_rM i th 
a S 
CO; © 
NM 7 PO 
re 
ol; Oo 
NO | Ph 
Ss 


6 22 
6 22 
21 
21 


tPLH WRTCLKT ue 7 
tPHL RDCLKT | 14 | 17 

AFIAE 
A RESETL 

14 ‘ef 323 


+ This parameter is measured with C,_ = 30 pF (see Figure 5). 


Oo] oO 
—_ | — 
LIN ITN 
O1o] oa 
afoot a 
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NO Te for) 


6 
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9 11 1 
ol 2 a] 2 14 
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operating characteristics, Voc = 5 V, Ta = 25°C 


_ PARAMETER . TEST CONDITIONS 


Power dissipation capacitance per 1K bits ; CL= 50 pF, f= 5 MHz pF 





TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME 
VS 
LOAD CAPACITANCE 


toa — Propagation Delay Time —ns 





0 50 100 150 200 250 300 


C,_ - Load Capacitance — pF 





Figure 5 
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TYPICAL CHARACTERISTICS 


POWER DISSIPATION CAPACITANCE 
VS 
SUPPLY VOLTAGE 


Cpd — Power Dissipation Capacitance — pF 





2 
45 46 47 48 49 5 51 52 53 54 5.5 


Vcc — Supply Voltage - V 


Figure 6 


calculating power dissipation 


The maximum power dissipation (Pt) of the SN74ACT7881 can be calculated using: 


Pt = Vcc x [loc + (N x Algg x de)] + X(Cpg x Voc? x f) + X(CL x Voc? x fo) 


where: 
loc 
N 


Alec 
dc 


power-down Ioc maximum 

number of inputs driven by a TTL device 
increase in supply current 

duty cycle of inputs at a TTL high level of 3.4 V 
power dissipation capacitance 

output capacitive load 

data input frequency 

data output frequency 
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PARAMETER MEASUREMENT INFORMATION 


pie aes 3V 
From Output Input , 1.5V | 
Under Test | l ov 
, It toa i— tod —} 
Ry = 500 Q C, = 50 pF 
Paora | +—— VOH 
LOAD CIRCUIT | TOTEM-POLE OUTPUTS 


Figure 7. Standard CMOS Outputs 


R_ = R1=R2 
tPZL a | 
|. tpuz >| |e 
: | | | ss 
From Output Test l | | | Bc le 
Under Test Point Output | 1.5V pee v. 
, — ™— VOL 


ree . 
PHZ ¢- 0.3V 

tpzH > | . 

: | OH 


Output 15V = 0.3 V 





=OV 


LOAD CIRCUIT 
VOLTAGE WAVEFORMS 


PARAMETER [RRA] GT [si 
scoa | sop Lome 


T |_Open_ 
tae FR oe 
Pipa | 8000 | s0pF | Open _ 


t Includes probe and test fixture capacitance 


Figure 8. 3-State Outputs (Any Q) 
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expanding the SN74ACT7881 


The SN74ACT7881 is expandable in both word width and word depth. Word-depth expansion is accomplished 
by connecting the devices in series such that data flows through each device in the chain. Figure 9 shows two 
SN74ACT7881 devices configured for word-depth expansion. The common clock between the devices can be 
tied to either the write clock (WRTCLK) of the first device or the read clock (RDCLK) of the last device. The 
output-ready flag (OR) of the previous device and the input-ready flag (IR) of the next device maintain data flow 
to the last device in the chain whenever space is available. 
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APPLICATION INFORMATION 


Figure 10 shows two SN74ACT7881 devices in word-width expansion. Word-width expansion is accomplished 
by simply connecting all common control signals between the devices and creating composite input-ready (IR) 

and output-ready (OR) signals. The almost-full/almost-empty flag (AF/AE) and half-full flag (HF) can be sampled 
from any one device. Word-Depth expansion and word-width expansion can be used together. 


CLK 


WRTCLK 
WRTEN1 
WRTEN2 

IR 


DO-D17 


WRTCLK 
WRTEN 


D18-—D35 


ps) 


DO-D17 


SN74ACT7881 


WRTCLK 
WRTENT1 


WRTEN2 


IR 


DO-D17 








SN74ACT7881 


WRTCLK 
WRTEN1 


WRTEN2 
IR 


DO-D17 





SN74ACT7881 


WRTCLK 
WRTEN1 


WRTEN2 
Ri 


DO-D17 


WRTEN1 
eee ies 
ae 


DO—D17 







RDCLK 
RDEN1 


Q0- a7 s—C—si‘“‘sSCSCSS 


SN74ACT7881 
WRTCLK | 


RDEN' | — 
RDEN2 | 


RDCLK 
RDEN1 


Figure 9. Word-Depth Expansion: 2048/4096/8192 Words x 18 Bits, N = 2 


Figure 10. Word-Width Expansion: 1024 Words x 36 Bits 
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SN54ABTE16245, SN74ABTE16245 
16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
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Supports the VME64 ETL Specification SN54ABTE16245 .. .. WD PACKAGE 

®@ Reduced, TTL-Compatible, Input Threshold SPE oe ee eres 
Range 

© High-Drive Outputs (IoH = -60 mA, 1DIRQ1 ~ 48f] VocBIAS 
lo. = 90 mA) Support 25-Q Incident-Wave 1B1 [le 47 1A4 
Switching | opil}s 46) 2a1 

® VocBIAS Pin Minimizes Signal Distortion GND lj 4 451] GND 
During Live Insertion 1B2 U5 441] 1A2 

@ Internal Pullup Resistor on OE Keeps 2B2 [fe 43{] 2A2 
Outputs in High-lmpedance State During Voc 47 42U Vcc 
Power Up or Power Down 1B3 8 411} 1A3 


® Members of the Texas Instruments 
Widebus™ Family 


® State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 


e Distributed Voc and GND Pin Configuration ops5[}14 381] 2A5 
Minimizes High-Speed Switching Noise Gnoflis 34 Gn 

@ 25-Q Series Dampening Resistor on B Port 1Be6e[}16 331] 1A6 
@ Bus-Hold Data Inputs Eliminate the Need 2B6U17 32 2A6 
for External Pullup Resistors VocW18 311 Vcc 

® Package Options Include Plastic 300-mil 1B7Y19 — 30)) 1A7 
Shrink Small-Outline (DL) and Thin Shrink 2B7Y20 = 291) 247 
Small-Outline (DGG) Packages and 380-Mil | GND [21 284] GND 
Fine-Pitch Ceramic Flat (WD) Package 1B8j22 2711 1A8 
Using 25-mil Center-to-Center Spacings 2B8lj23 = 261 2A8 

2DIRY24 = 25] OE 

description 


The ‘ABTE16245 are 16-bit (dual-octal) noninverting 3-state transceivers designed for synchronous two-way 
communication between data buses. The control function implementation minimizes external timing 
requirements. These devices can be used as two 8-bit transceivers or one 16-bit transceiver. They allow data 
transmission from the A bus to the B bus or from the B bus to the A bus depending upon the logic level at the 
direction-control (DIR) input. The output-enable (OE) input can be used to disable the device so that the buses 
are effectively isolated. 


The B port has a 25-Q series output resistor to reduce ringing. Active bus-hold inputs are also found on the B port 
to hold unused or floating inputs at a valid logic level. 


The A port provides for the precharging of the outputs via VecBIAs, which establishes a voltage between 1.3 V 
and 1.7 V when Vcc is not connected. 


The SN74ABTE16245 is available in Tl’s shrink small-outline package (DL), which provides twice the 1/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 


The SN54ABTE16245 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABTE16245 is characterized for operation from —40°C to 85°C. 


Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 


PRODUCTION DATA information Is current as of publication date. Copyright © 1994, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments ‘| 
standard warranty. hacia processing does not necessarily include 
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SN54ABTE16245, SN74ABTE16245 
16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
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FUNCTION TABLE 
(each 8&-bit section) 


INPUTS 
| OPERATION 


A data to B bus 
B data to A bus 
Isolation 











= — 
Raw 
: | SH : | 
wr, WT aati 
To Seven Other Channels To Seven Other Channels 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply VOllAGefANGe;: VGE fa skastecetiwiuie ses cb eee emia eseseeeeeraeiaced waeetetes -O0.5Vto7V 
Input voltage range, V| (except I/O ports) (see Note 1) 2.0... cee cece cence cen eeeeeeees -0.5Vto7V 
Voltage range applied to any output in the high state or power-off state, Vo ..... 2... -0.5Vto5.5V 
Current into any output in the low state, l— ... 6... ce cee ence eee e renee eeeeeenees 128 mA 
input clamp: current; Wic(WVic0):. .<c4utsarsu ccna cimeiwhe oor ned Malas’ eieanaeveae seat ee -18mA 
Output'clamp current, lox (Vo <0) silseincdoie sa bilattieeient tious wre auecs baeieeeterw es —50 mA 
Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DGG package ................. 0.85 W 

Di Package 34. Jsuuceweeeecexs 1.2W 
SIOrage LEMpPerature TANGe -6ccc5.0 vowed sus come iweinde ioe aud Meeessewe o55-08s Geentees —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 


2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN54ABTE16245, SN74ABTE16245 
16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVERS 
WITH 3<STATE OUTPUTS 


SCBS226D — JULY 1993 - REVISED AUGUST 1994 


recommended operating conditions (see Note 3) 


VCC Supply voltage 
Ge acodinauciae: SS ie SAU Rie RN 
secon Except OE 
Saacinveliaanaciane a 
Except OF 

net vole Se EE 


High-level output current 











Low-level output current 


At/Av Input transition rise or fall rate Outputs enabled et 
TA Operating free-air temperature —55 125} -40 85 


NOTE 3: Unused or floating pins (input or A-bus I/O) must be held high or low. 
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SN54ABTE16245, SN74ABTE16245 
16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVERS, 
WITH 3-STATE OUTPUTS 


SCBS226D — JULY 1993 —- REVISED AUGUST 1994 





electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 
SN74ABTE16245 
PARAMETER TEST CONDITIONS 
MIN TYPT MAX MIN TYPT MAX 


a CCST 


UNIT 
VCC = BBV, IOH = — 100 pA i “02 ce —0.2 | 
B port oS =—1mA 
Voc =4.5V 
| 










SN54ABTE16245 








> 
=o) 
re) 
p= 5 


Voc = 5.5 V, earn 
Voc = 4.5V = 
loL=1mA 
Beea eae a 


a 64 mA 
A port Voc =4.5V 
lo OL = 90 mA 


Voc = 4.5 V 
tna) | 8 por =100 


Voc = 5.5 V, =0to5.5V 


Voc = 5.5 V, 7 = Voc or GND 
Voc =5.5V, Vi =Voc or GND 
om 
oat 


oe = ~50_~120_~180 : 
= a ne 
Vcc = 9, Vj or V9 $4.5 V, 


—100 


= 





S 





: 


& 


-180 


I 
—_, 
‘No 






Outputs high 


ee 
Vec=55V, lo=0, | Outputs low SS 
Sac 
avy 
MHz 


| AorB ports V 5V, Cr. = 50 pF 
el — mee 


Control inputs | Vi = 2.5 V or 0.5 V ee 
V/O ports i= 2.5V or 0.5 V po TS | 


- a typical values are at Vcc = 5 V, Ta = 25°C. 
+ The parameters Io7}H and Ioz|_ include the input leakage current. 






O| 
S| 
=. 
a 
= 
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SN54ABTE16245, SN74ABTE16245 
16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 


SCBS226D — JULY 1993 - REVISED AUGUST 1994 





live-insertion specifications over recommended operating free-air temperature range 
SN54ABTE16245 SN74ABTE16245 
PARAMETER TEST CONDITIONS 
ices 0 » 4.5 V, VOCBIAS = 4.5 V to 5.5 V, Bem na 
loc (VocBIAS 

20 20 
lo(DC) = 9 
1.9 . 
1.7 5 


1.9 


1.1 
Vcc = 0, VCCBIAS = 4.75 V to 5.25 V 13 
Voc=0, Vo=0, VcocBIAS=4.5V ~20 100 
Voc=9, Vo=3V, VcCBIAS = 4.5 V 20 100 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
#Vcc - 0.5 V< VccBIAS 





250 
Voc = 0, VoCBIAS = 4.5 V to 5.5 V 
3 185 
0 
0 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 50 pF (unless otherwise noted) (See Figure 2) 


Voc =5\, SN54ABTE16245 | SN74ABTE16245 
Ta = 25°C UN 
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16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVERS 
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extended switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature, C; = 50 pF (unless otherwise noted) (see Note 4 and Figure 2 


Tease | SuetaeTErezas 
| FROM TO | Ce SN54ABTE16245 | SN74ABTE16245 
Ta = 25°C 
PARAMETER (INPUT) (OUTPUT) LOAD A UNIT | 
A 












tPLH Sicha 15 3.2 4 15 48 
{PHL cpu 15 38 47 15 58 15 56 
tPLH : ery 15 3.4 4 15 48 15 4.6 a 
(PHL | 15 35 44 15 52 15 4.9 | 
tPLH A Bea Ba 1.5 3 3.8 1.5 4.7 1.5 45 | 
tPHL a 15 33 42] 15 5.1 | 
[| A axe Open ue 
te) [HA | 8 | | oe ost 
Aya 250 oa oa| 2 |? 
a 
tek(0) 






Rise or fall 
time 
10%-90% 






T t/t between Vo = 1V/2V 
t t-/t¢ between 10% and 90% of output waveform 
NOTE.4: Limits are specified but not tested. 


extended output characteristics over recommended ranges of supply voltage and operating 
free-air temperature, C; = 50 pF (see Note 4 and Figures 1 and 2) : 


PARAMETER | FROM TO TEST CONDITIONS OAD ee ee ee eee) Unit 
(INPUT) | (OUTPUT) | MIN MAX | 


| | MIN MAX 
PA |B Voc=Constant, {8 
pe A are Resear 8 | 
Acs 


Vcc = Constant, Rx = 13, 26, 45 4 
Temperature = Constant or 56 Q ; 












tsk(temp) 


tsk(load) 
NOTE 4: Limits are specified but not tested. 
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Device 
1-—Yn 


Device 
n-—Yn 


NOTES: A. 


B. 
C. 


SN54ABTE16245, SN74ABTE16245 


16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVERS 


WITH 3-STATE OUTPUTS 


SCBS226D — JULY 1993 — REVISED AUGUST 1994 


PARAMETER MEASUREMENT INFORMATION 


Device 1 






nol 


tsk(load) 
Device n. tsk(temp) 


Y1 





Pulse skew, tgk(p), is defined as the difference in propagation delay times tp_H1 and tpH_1 on the same terminal at identical 


operating conditions. 


Output skew, tsk (9), is defined as the difference in propagation delay of the fastest and slowest paths on a single device that originate 
at either a single input or multiple simultaneously switched inputs, (e.g., ItpLH1 — tpLH2!). 
Temperature skew, tsk(temp), iS the output skew of two devices, both having the same value of Vcc +1% and with package 


temperature differences of 20°C from each other. 


D. Load skew, tgk(load), is measured with Rx in Figure 2 at 13 Q for one unit and 56 © for the other unit. 


Figure 1. Voltage Waveforms for Extended Characteristics 
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PARAMETER MEASUREMENT INFORMATION 


a 7V 
S2 O Open 
500 Q 3.65 V 
S1 94Q 
From Output Ryt 
Under Test 
CL. = 50 pF 
(see Note A) T 500 Q T 
T Ry = 13, 26, 56.2 
LOAD CIRCUIT FOR OUTPUTS 


ihput = sear ee eee > 3V. 
(see Note B) 1.5V 1.5V 
| OV 
—le——s| | 
tPLH | 
| = tPHL 


| ——-— VOH 
Output 1.5V 1.5V 
VOL 
VOLTAGE WAVEFORMS 


PROPAGATION DELAY TIMES 


NOTES: A. CO 1 includes probe and jig capacitance. 


SWITCHING TABLE | si | sz 
| LOADS 
tpLH/tpH (A and B port) 


tpLZ/tPZL 
tPpHZ/tpPZH 


EXTENDED 
SWITCHING TABLE 
LOADS 
tPLH/tPHL/tsk (A port) 
tPLH/tPHL/tsk (B port) 
ty (A port) (see Note E) 
ty (B port) (see Note F) 





Output 
Control 
(low-level 
enabling) 





Output 
Waveform 1 
$2 at7V 
(see Note C) Se eee VEL. 
| tpHz lle 
tpzH->| it | 
Output | St ee VOL 
Waveform 2 : 15V t VoH - 0.3 V 
$2 at Open ; 
(see Note C) ee -OV 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 


A 
B. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t, < 2.5 ns, t¢< 2.5 ns. 
Cc 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


. tis measured at 1 V to 2 V. 
. tt is measured at 10% to 90%. 


mm O 


. The outputs are measured one at a time with one transition per measurement. 


Figure 2. Load Circuit and Voltage Waveforms 
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11-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVERS 
WITH 3-STATE AND OPEN-COLLECTOR OUTPUTS 
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® Supports the VME64 ETL Specification SN54ABTE16246... WD PACKAGE 
@ Reduced, TTL-Compatible, Input Threshold iii cevicwne DL PACKAGE 
Range 





® High-Drive Outputs (Ioy = —60 mA, 110EA TI 1 481] VocBIAS 
lot = 90 mA) Support 25-Q Incident-Wave 11DIR [2 471] 411A 
Switching 11BU3 461] 10DIR 

® VcocBIAS Pin Minimizes Signal Distortion GND lj 4 451) GND 
During Live Insertion 10BU 5 441] 10A 

® Internal Pullup Resistor on OE Keeps 9B 6 43}] 9A 
Outputs in High-Impedance State During Voc U7 42 Veo 
Power Up or Power Down 8BI Ll] 8 411} 9DIR 

® Members of the Texas Instruments sBOY9 4041 8A 
Widebus™ Family GND 10 =. 391] GND 


7BO Uf 11 38] 7A 
6BI UY 12 371} 7BI 
6BO Lf 13 361] 6A 


® State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 


e Distributed Voc and GND Pin Configuration 5B0 [I 14 351] 5A 
Minimizes High-Speed Switching Noise GNpb [} 15 341] GND 
@ 25-Q Series Dampening Resistor on B Port 4BOU16 331) 5BI 
® Bus-Hold Data Inputs Eliminate the Need ABI 17 321] 4A 
for External Pullup Resistors | Vec¥18 3110 Voc 
@ Package Options Include Plastic 300-mil 3B019 30{} 3A 
Shrink Small-Outline (DL) and Thin Shrink 281420 2911 3B) 
Small-Outline (DGG) Packages and 380-Mil GNDY21 281) GND 
Fine-Pitch Ceramic Flat (WD) Package 2BOWU22 271) 2A 
Using 25-mil Center-to-Center Spacings 1BOW23 =. 26} 1A 


1Bif}24 25) 0E 
description 


The ’ABTE16246 are 11-bit noninverting transceivers designed for synchronous two-way communication 
between buses. These devices consist of open-collector and 3-state outputs. They allow data transmission from 
the A bus to the B bus or from the B bus to the A bus depending upon the logic level at the direction-control (DIR) 
input. The output-enable (OE) input can be used to disable the device so that the buses are effectively isolated. 
When OE is low, the device is active. 


The B port has a 25-Q series output resistor to reduce ringing. Active bus-hold inputs are also found on the B port 
to hold unused or floating inputs at a valid logic level. 


The A port provides for the precharging of the outputs via VccBIAS, which establishes a voltage between 1.3 V 
and 1.7 V when Vcc is not connected. 


The SN74ABTE16246 is available in Tl’s shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 


The SN54ABTE16246 is characterized for operation over the full military temperature range of —55°C to 125°C. 
The SN74ABTE16246 is characterized for operation from —40°C to 85°C. 


Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 


PRODUCTION DATA Information Is current as of publication date. Copyright © 1994, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments 


standard warranty. Production processing does not necessarily include 


testing of all parameters. sag TEXAS 
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FUNCTION TABLE 


INPUTS 
oe Om 


A data to B bus 


B data to A bus 
Isolation 





logic diagram (positive logic) 


110EA — ° Be 
11DIR fae (CE 
|. UN 


11B 


G | 


oe >. 


fie ee ae 


Te 


r Gane Gum Go GE ene Gane GoD CEED GED Ge GD Gun am,» “ 

| | 

1B1 Td ep | 
7. : 

130 — << | 
| | | 

Len ce cee ces ee ee ch ce ae Sem cen ae comme comme -j 


To Seven Other Channels 
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SN54ABTE16246, SN74ABTE16246 
11-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVERS 
WITH 3-STATE AND OPEN-COLLECTOR OUTPUTS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Slipply vollage ange, VGc -sesccdie edad wigs tenekintatee ete e es Sebel eeee er hekn -0.5Vto7V 
Input voltage range, V, (except I/O ports) (See Note 1) ..... cece cece eee eee eens -O0.5Vto7V 
Voltage range applied to any output in the high state or power-off state, Vo... .......... —0.5V to 5.5V 
Current into any output in the low state, IE .. ee eee eee ete enes 128 mA 
inoubclamp current: tic Wis 0): -cxcicugcs aces vopcetieotiwke sew eee edeeaceaaewdak ~18 mA 
Output-ciamp:current lon (V6O.< 0): sccscsnscnsys caeees Riise siete des sew en eh oaeeeees —50 mA 
Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DGG package ................. 0.85 W 

DL DACKAGS siete Say gia tears 1.2W 
slorage tOMperature Tange 3.062 sedec. cect ateade ket ee cies taweedewadden aa esas her ae ~65°C to 150°C 


tT Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBDO02B. 


recommended operating conditions (see Note 3) 


Voc Supply voltage 4.5 5 5.5 4.5 5 5.5 a a 
ees i ee 
~1V High-level input voltage ee V 
slash ac Except OF 


V Low-level input voltage 
IL put volteg | ee 


VoH___ High-level output voltage 1A-8A 
Vi input voltage 0 Voc 0 Voc 


| 
| High-level outout current mA 


Abus 29 
Outputs enabied 
“a0 a5 


TA Operating free-air temperature 


NOTE 3: Unused or floating pins (input or A-bus 1/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 
















SN54ABTE 16246 SN74ABTE16246 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPT MAX | MIN TYPT MAX 
ae ECCT. 
Voc = 5.5 V, EST ee -0.2 Voc—0.2 
? Veo=45V 2H , 
oH = 12mA Le SA! PORT aa : 
ae ae pe ee 
a flon==s2mA_SSC~dCaSC~idC 
~—|Voo245v PORE | 
OH == 64mA eS ee 
lon [1A-8A__[Vog= 45, Von=55V_ C—O 
oust 
B port Voc =4.5V 
Hopst2mA 
Sa 
A port Voc =4.5V 
iene 0 
208) a A 
Voc = 4.5 V 
Tiypotay | 8 por uA 
Voo=55V,  W=01055V 
[Control inputs _ eS Se aI 
c=55V, Vi=VccorGND 
nance 3s Beene 8 Rak 
ion a 55V,Vo=27V 0 0 
lozu# |9A-11A_[Voo=55V,_ Vo=05V are ee 
[Apo “50120 ~180 
Voc =5.5V, Vo=0 
ae so 


eo = 0, Vj) or Vo $4.5 V, 
ie ee -0 +100 +100 


Outputs high pe ee 
ioc Voo=55V, Io=0, a 
A orB ports Vi = Voc or GND Outpine 


disabled 


eee Ie ee — "se 
oe Johor | ea ee 
[G__[Gontotinpus [viz 25 Vor [es a es or 


(Cio [Opens _|Vo=25Vor05V sa 


Tt All typical values are at Vcc = 5 V, Tas 25°C. 
+ The parameters IZ} and I¢7\_ include the input leakage current. 
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live-insertion specifications over recommended operating free-air temperature range 













SN54ABTE16246 SN74ABTE1624 
PARAMETER TEST CONDITIONS : UNIT 

MIN TYPT MAX| MIN TYPT MAX 

Vcc = 0 to 4.5 V, VOCBIAS = 4.5 V to 5.5 V, ee. - 

icc (VocBias) -2Ra=° WA 

Voc = 4.5Vto5.5 Vt,  VccBIAS = 4.5 V to 5.5 V, aa 

IO(DC) = 9 

Voc = 0, VocBIAS = 4.5 V to 5.5 V 15 1.9 

Voc = 90, VCCBIAS = 4.75 V to 5.25 V 1S (46- Ag) 138° 4s 47 












~, Woc=0, Vo=0,  VogBIAS =45V 
pot [vco= 0. Vo=3V, VocBIAS = 45 s 


T All typical values are at Voc = 5 V, Ta = 25°C. 
Vcc - 0.5 V< VccBIAS 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C; = 50 pF (unless otherwise noted) (see Figure 2) 


Tae 25°C ing Wi eee 
FROM TO SN54ABTE16246 | SN74ABTE16246 
Ta = 25°C 
PARAMETER (INPUT) (OUTPUT) —— 


UNIT 
t+. | Pisa ea| se | se 


PLA 9B-11B QA-11A 


tpLHs ae ee is. 
teLHt 18-88 1A-BA | 
tPHL 1s 32 4 | ons | 









= 












— 





: : ; 5 7 
2 3.6 5 2 5.8 2 5.5 
eo. ee point is Vo, + 0.3 V. 
‘| Measurement point is Voy. + 1.5 V. 








Ww TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 6-15 


SN54ABTE16246, SN74ABTE16246 
11-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVERS 
WITH 3-STATE AND OPEN-COLLECTOR OUTPUTS 


SCBS227B — JULY 1993 - REVISED AUGUST 1994 















free-air temperature, C, = 50 pF (unless otherwise noted) (see Note 4 and Figure 2) | 


FROM TO | SN54ABTE16246 | SN74ABTE16246 
T 25°C 
PARAMETER (INPUT) (OUTPUT) LOAD nie 
a a 
PHL 1B- ced od 8a__|_Rx= 130 | as 1548 S 


extended switching characteristics over recommended ranges of supply voltage and operating 
[PL 9B- p sei8 p omatta 11A | Axet80 7 
t 15 3.1 15 48 15 4.6 
sn 98-118 9A-11A | Ry=26Q 






1A-6A | Ry=26Q a 
_tPHL sa[ se [sar 
at Rx = Open ae] es 
tsk(p) a 
BA Axe 26G.| 08 Oe] 2 
| Bs {| = A__—{ Rx=Open] Sof 18 | 
tsk(o) en ee 
| BB {|  A__| Rx=260 A ORR a 
Sof fe Rxw2ea | 0508 is] 08 15 | 05 15 | me 
Rise or fall 
time 
10%-—90% 









T t-/t¢ between Vo = 1 V/2 V. 
+ t-/t¢ between 10% and 90% of output waveform 
NOTE 4: Limits are specified but not tested. 


extended output characteristics over recommended ranges of supply voltage and operating 
free-air temperature, C. = 50 pF (see Note 4 and Figures 1 and 2) 


PARAMETER | FROM TEST CONDITIONS LOAD lias aescldl iN El Ad all coe 
qweuty_| (ouTPun Twin wax | — MIN WAX — 


Voo=Constant, | 


ae a ps | __25 | ; 
Ss 
san nee ATa = 20°C RX = 56 Q 

VCC = Constant, Rx = 13, 26, 45 | 4 
Temperature = Constant or 56 Q : 






tsk(temp) 


tsk(load) 
NOTE 4: Limits are specified but not tested. 
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PARAMETER MEASUREMENT INFORMATION 


Device 1 






: 
Device . | | 
mvt IX FR | 
| ‘ tsk(o) 


tsk(load) 


| | Device n tsk(temp) 
Device | | \Jo | peewee eee 
1-Yn | 
Y1 
: | 
Device | 
n-Yn | B 


NOTES: A. Pulseskew, tsk(p), is defined as the difference in propagation delay times tp_ 4 and tp}, 4 onthe sameterminalat identical operating 
conditions. 
B. Output skew, tsk(o), is defined as the difference in propagation delay of the fastest and slowest paths ona single device that originate 
at either a single input or multiple simultaneously switched inputs, (e.g., Itp_H4—tpLHal). 
C. Temperature skew, tsk(temp), is the output skew of two devices, both having the same value of Vcc +1% and with package 
temperature differences of 20°C from each other. 
D. Load skew, tsk(load), is measured with Rx in Figure 2 at 13 Q for one unit and 56 for the other unit. 


Figure 1. Voltage Waveforms for Extended Characteristics 
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PARAMETER MEASUREMENT INFORMATION 


6 7V 
$2 O Open 
3.65 V 
500 Q. 
94 Q 
$1 
From Output Ry? 
Under Test 
C. = 50 pF 2 nF 
(see Note A) oe | 
T Ry = 13, 26, 56 Q 
LOAD CIRCUIT FOR OUTPUTS 


BEES 3V 
(see Note B) 1.5V , 1.5V 
| OV 


| 
t —+——> | 
ad ! | —— tPHL 


| ———~ VOH 
Output 1.5V 1.5V 
VOL 
VOLTAGE WAVEFORMS 


PROPAGATION DELAY TIMES 


NOTES: A. Cr includes probe and jig capacitance. 









| SWITCHINGTABLELoADS | si1_| s2_| 
tpLH/tpHL (9A —11A and B port) Up Open 
tpLH/tpHL (1A — 8A) Up 7V 
tpLz/tpzL Up 7V 
tpHz/tpzH (except 1A — 8A) Open 












tPLH/tPHL/tsk (A port) 
tPpLH/tPHL/tsk (B port) 
tt (A port) (see Note E) 
ty (B port) (see Note F) 








Output 
Control 
- (low-level 
enabling) | 
tpz.—> it - | 
: ; teiz I 
Output = oe 
Waveform 1 | A i | aed 
(see Note C) =e VOL: 
| | tpuz Pl ke 
tpzH | ; 
_ Output | — —— — Voy 
Waveform 2 15V VOH - 0.3 V 
$2 at Open 
(see Note C) eS =OV 
- VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 


A 
B., Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t, < 2.5 ns, tf< 2.5 ns. 
C 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


ty is measured at 1 V to 2 V. 
tt is measured at 10% to 90%. 


mm © 


The outputs are measured one at a time with one transition per measurement. 


Figure 2. Load Circuit and Voltage Waveforms 
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® Compatible With IEEE 1194.1-1991 (BTL) e B-Port Biasing Network Preconditions the 
and IEEE 896.2-1991 (Futurebus+) Connector and PC Trace to the Backplane 
Standards Transceiver Logic High-Level Voltage 

@ TTL A Port, Backplane Transceiver Logic © TTL Input Structures Incorporate Active 
B Port Clamping and Bus-Hold Networks 

@ Open-Collector B-Port Outputs Sink 100 mA @ Package Options Include High-Power 

@ Isolated Logic-Ground and Bus-Ground Shrink Quad Flat (PCA) Package With 
Pins Reduce Noise 0.5-mm Pin Pitch and Ceramic Quad Flat 


(HQA) Package 


SN54FB1650... HQA PACKAGE 
SN74FB1650 ... PCA PACKAGE 
(TOP VIEW) 


991) 1A05 
981) 1Al4 
971) 1A04 
961J GND 
951 1Al3 
941] 1A03 
931 1Al2 
92] 1A02 
861] 10EA 
84[ 1CLKBA 
83 LJ 1CLKAB 
82) 1LEAB 
810 10EB 
80L) 10EB 
79) BG GND 
78) BG Vcc 
7711 GND 


85 [1 1LEBA 
76L] 1B1 


Q 
za 
O 
a 
@ 


9010 1Al1 
891) 1A01 


© 
> 
J 
© 
© 


1000) 1AI5 
87] 10EA 












NC C1 1] 1B2 
Voc G2 1] GND = 
GND 43 1 1B3 
1A06 C4  1B4 Lil 
1Al6 5 1 GND S 
1A07 6 D 1B5 
1Al7 7  41B6 LL 
GND 8 | GND o 
ais C1 5 BS = 
1A09 C GND a 
1Al9 C Mn 1B9 O 
GND C ONC 
2A01 £ 1] 2B1 = 
2Al1 C 1 GND o 
2A02 [] 2B2 O 
2Al2 0 1] 2B3 © 
2A08 5 Ba. Oo. 
2A13 O 1 2B5 
2A04 1 GND 
2Al4 C 1 2B6 
GND 1 2B7 
Voc U 52H) GND 
Nc C 51D) 2B8 















GND C] 30 
2A07 (4 31 
2Al7 LI 32 
2A08 L] 33 
2Al8 Ly 34 
GND ( 35 
2A09 CL} 36 
2Al9 Cf 37 
Voc G 38 
20EA LY 39 
20EA L] 40 
2LEBA CJ 41 
20EB LY 45 
20EB 4 46 
BIAS Vol] 47 
NCL} 48 
GND C 49 
2B9 Ly 50 


oO oD 
NN 
rT 
of 
<< 
aN 


2A05 Cf 26 
2AI5 Uy 27 
2LEAB Ly 44 


2CLKBA U 42 
2CLKAB LJ] 43 


NC — No internal connection 
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description 


The ’FB1650 contains two 9-bit transceivers designed to translate signals between TTL and backplane 
transceiver logic (BTL) environments. They are specifically eesanee to be compatible with IEEE 1194.1-1 (BTL) 
and IEEE 896.2-1991 (Futurebus+) standards. 


The B port operates at BTL-signal levels. The open-collector B ports are specified to sink 100 mA. Two output 
enables, OEB and OEB, are provided for the B outputs. When OEB is low, OEB is high, or Vcc is typically less 
than 2. 9 V, the B port is turned off. 


The A port operates at TTL-signal levels. The A outputs reflect the inverse of the data at the B port when the 
A-port output enable, OEA, is high. When OEA is low or when Vcc is typically less than 2.5 V, the A outputs 
are in the high-impedance state. 


Active bus-hold circuitry is provided to hold unused or floating TTL inputs at a valid logic state. 
BIAS Vcc establishes a voltage between 1.62 V and 2.1 V on the BTL outputs when Vcc is not connected. 
BG Voc and BG GND are the supply inputs for the bias generator. 
The SN54FB1650 is characterized for operation over the full military temperature range of —55°C to 125°C. The 
SN74FB1650 is characterized for operation from —40°C to 85°C. 
Function Tables 
TRANSCEIVER 


INPUTS 
—— ——— FUNCTION 
EA OEA OEB B 


A data to B bus 
B data to A bus 
A data to B bus, B data to A bus 





















B-bus isolation 






E 
L 
X 
L 
xX 
H 
xX : : 
X A-bus isolation 


STORAGE MODE 


INPUTS 
FUNCTION 
LE CLK 


H X Transparent 
Store data 
Storage 
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functional block diagram 





1068 —2! iS 
1065 —8 o 
icLKaB —83 i 
1LEAB —82 le: 
1LEBA —®® i 
1CLKBA —°4 - 
106A —22 e 
10EA —86_o 
90 
1Al1 
1ao1 —%2 am , = . 
To Eight Other Channels 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Voc, BIAS Veco, BG VoG .. eee e cece cet e teen teen ee eeenetees -0.5Vto7V 
Input voltage range, Vj: except Bport ........ ccc cece cece cece eee e eee eee en eneanenes -1.2Vto7V 
EDOM. savseneneata iene avnautnetasyetal aks Maaahemnedtne Oe% -1.2Vto3.5V 
Input Current range (except B:P0Mn): swicssserecciee es cctensas ems iiseteee eee th eadles -40 mA to5mA 
Voltage range applied to any B output in the disabled or power-off state ................. -0.5Vto5.5V 
Voltage range applied to any output in the high state 2.1... cece eee eee eee eens -0.5V to Voc 
Current applied to any single output in the low state: A port ......... cece eee eee cece eee eee eee 48 mA 
BOOM: gcncleewsceustaut ei tdecwetmema let ts 200 mA 
Maximum power dissipation at Ta = 55°C (in still air) (see Note 1): PCA package ................. 1.8W 
Storage temperature Tange +. bs.4v.c inn icedins awaeeedesscae. eh ene ssetuace epee ae eae —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. . 

NOTE 1: The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. For 

more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BICMOS Technology Data 
Book, literature number SCBDO02B. 
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recommended operating conditions (see Note 2) 






SN54FB1650 SN74FB1650 
. ew ae 


Voc, BGVcc Supply voltage 4.5 5.5 4.5 5.5 a 
BIAS Vcc Supply voltage 45 55| 45 5.5 os 
7162 23| | 

High-level input voltage 
ExoeptB por < el AO a PRR 


Brot dC | SCAT. 
Low-level input voltage 

ee ee a 
Input clamp current — +} 

























= High-level output current [Apo] TTC STSSSCSC~S mk 
pot | SCS 

lOL Low-level output current mA 
100 


NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 


electrical characteristics over recommended operating free-air temperature range 


SN54FB1650 SN74FB1650 
PARAMETER TEST CONDITIONS 
MIN TYPTt MAX MIN TYPT MAX 
aa a5V, e-em 


in==1ma_ | 
AO port Voc =4.5V 
ua=sma [28 38 
AD por Voo=45V, lo = 24 mA 


a Hol =80mA 0.75 1.1 
oT ae Se 
a 
[ExoeptBpot——‘(Voc=55V,wieosv «| —S~S 
Bren oo =58v. 07 =100 
fozn [AOpot ———*‘(Vog=85,—Vo-a7v-f ——SOS~—SO 
loz. [AOpen ————~—=*dicg=55V,Vowosv 4 —SSCS~ 
Ben Weg=oe88¥ Yona [oo 
“160 
Semen EE 
ies a 


Ouiputs disable 7 nae 
=Voc oF GND Sane 
v= Voge GND 


Voo= 0045 CSC 
B port per P1194.0 
Voo=45V1055V iat 


T All typical values are at Voc = 5 V, Ta = 25°C. 
+ For I/O ports, the parameters Ij} and |); include the off-state output current. 
§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 








on 
< 


oi 


Or 
Oo 


— { 

. hk —_b 
* . 
—_— N 


I 
— 
Oo 






Qo 
Oo 


0 19 
7) 
ol 












=| | 
fa) 
© 


Ti 





7 
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live-insertion specifications over recommended operating free-air temperature range 7 


| SN54FB1650 | SN74FB1650 
PARAMETER TEST CONDITIONS [MIN MAX| MIN MAX, UNIT 














YrsbinOs Vea vEA one UaseeN 
Vo [Spor _|veo=0. ViIAS Veg) = AS VIS 
Voc=0, VB=1V, Vi (BIAS Vcc) = 4.5 V to 5.5 V 
Bport | Voc =01t05.5V, OEB = 0 to 0.8 V pA 
jo foe Voo=01022V, OEB=0t05V 












timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) , 


SN54FB1650 | SN74FB1650 
[MIN MAX| MIN MAX| ~~ 


fcolock Clock frequency MHz 


LE high 
tw Pulse duration ) 
CLK high or low 
t Setup tim Al or B before LE 
etup time 2 
: Al or B before CLKT 
Al or B after LE 
th Hold time 
Al or B after CLKT 













PRODUCT PREVIEW 
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| siemeeren FROM TO SN54FB1650 SN74FB1650 ne 
(INPUT) (OUTPUT) MIN TYPT MAX! MIN TYPT MAX 


SN54FB1650, SN74FB1650 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature Gee otherwise noted) (see Figure 1) 









pa a ee 7 eee 
| tPHL ee) 
LEAB PC t—“—C SY 


mn 


tPLH 


iPHL ee) ae 
or Oe 
PHL ee OP 


ie | ee) 
rend 


PHL a] ee 
| es) eee | 
a 

_tPHL aaa | Sead | 


Skew for any single 
ue channel tpH. — tpLH! Al to B or B to AO 
Skew between drivers 
in the same package A\ to B or B to AO 


Transition time, B outputs (1.3 V to 1.8 V) 
Transition time, AO outputs (10% to 90%) 






B-port input pulse rejection 


T All typical values are at Voc = 5 V, Ta = 25°C. 
+ Skew values are applicable for through mode only. 


—_ 
—s we) ~s 
| wo on on 
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PARAMETER MEASUREMENT INFORMATION 










2.1V 
‘ 7V 16.5 Q 
From Output From Output Test 
Under Test © Open Under Test tpLH/tPHL 
Point t 
PL2Z/tPZL 
O GND tPHz/tpz 
C. = 50 pF 30 pF | H 
(see Note A) T 500 Q (see Note A) T 
LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS 





—<— 


3V 
| | 3V 
OV | 


OV 





PRODUCT PREVIEW 


VOLTAGE WAVEFORMS +P» 
PULSE DURATION | tsu th | 
| | 3V 
| 
ptt faa ---- 3V Data Input 1.5V aa 
(see Note B) 1.5V : 1.5V Pe VOLTAGE WAVEFORMS 
| SETUP AND HOLD TIMES 
tPHL or <1 ‘sie 
| | VOH 
oii 1.55V 1.55 ‘ Output 
——~ YOL Control 
VOLTAGE WAVEFORMS (see Note B) | 
PROPAGATION DELAY TIMES (A to B) bape J i | 
| | —>| kt tPLZ 
| | 
sili 1.55 V NM 455V! on Output | | 1.5V ) | — 
(see Note B) : ‘ utpu : 
: | 1V S1 at7V i \ | t eS Vai 
t | (see Note C) | t 
PHL —¢——> ! Lae — PHZ P| be 
| PZH je | 
| | | VOH 3 | ——-—— VOH 
1.5V 1.5V Output 15V VoH - 0.3 V 
Output ——Vo, (see Note C) i nay 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (B to A) ENABLE AND DISABLE TIMES (A port) 


NOTES: A. Cy includes probe and jig capacitance. 

B. Allinput pulses are supplied by generators having the following characteristics: TTL inputs - PRR < 10 MHz, Zo = 50, ty < 2.5 ns, 
t¢< 2.5 ns. BTL inputs - PRR < 10 MHz, Zo = 50 Q, t, < 2.5 ns, t¢< 2.5 ns. 
Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
The outputs are measured one at a time with one transition per measurement. 


9 9 


Figure 1. Load Circuits and Voltage Waveforms 
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® Compatible With IEEE 1194.1-1991 (BTL) © B-Port Biasing Network Preconditions the 
and IEEE 896.2-1991 (Futurebus+) Connector and PC Trace to the Backplane 
Standards Transceiver Logic High-Level Voltage 

@ TTL A Port, Backplane Transceiver Logic @ TTL-Input Structures Incorporate Active 
‘B Port Clamping and Bus-Hold Networks 

® Open-Collector B-Port Outputs Sink 100 mA ® Package Options Include High-Power 

® Isolated Logic-Ground and Bus-Ground Shrink Quad Flat (PCA) Package With 
Pins Reduce Noise 0.5-mm Pin Pitch and Ceramic Quad Flat 

(HQA) Package 


SN54FB1651 ... HQA PACKAGE 
SN74FB1651... PCA PACKAGE 














(TOP VIEW) 

<o Og 

«cm cm =O 
28 s3o08a8ord SSS SRR RS so. 
SS SSG CSAC HIS LOO AOS AONB GID 
PF eT tT tT Tt TT TT Tt TT 
SBQ2PRHSOTONSSSSSESBSVEAeESeere 
PADAMAAWAAAAADA A DO WO OO DODDADAORRE Bm 






1 a 
Voc 42 Cr] GND 
GND 43 1 1B3 
1A06 4 1] 1B4 
1Al6 5 L] GND 
1A07 6  1B5 
1AI7 G7 [] 1B6 
GND 8 1] GND 
1A08 Cj 9 [] 1B7 
1AI8 C 1) 1B8 
1A09 1] GND 
1Al9 C r 1B9 
GND Cr] NC 
2CLk’ C [] 2CLKAB 
NC rl GND 
2A02 r] 2B2 
2Al2 C 1] 2B3 
GND [1 GND 
2A03 r) 2B4 
2AI3 C r] 2B5 
2A04 C 1] GND 
2Al4 O r] 2B6 
GND -] 2B7 
Veco 4 H GND 
| 














NC C 2B8 
On ODOT NA OD WOON OADOrAYNTNHO ON OD © 
NNNNMM | MO OmannnanawrsT sso rtrrst Tt MO 
IU JU LU UI od LU Uo Uo Uo 
WNOODONRNRDMDNAD Odicnacamommim SOa|e 
G 395g 05858 Ox PUN s Ss BEB ae 
a awa a Ca” Ae ae o 
NOON = 
AN faa) 
NC — No internal connection 
PRODUCT PREVIEW Information concerns products in the formative or m Copyright © 1994, Texas Instruments Incorporated 
design phase of development. Characteristic data and other ‘] 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. I EXA: 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 6-27 


PRODUCT PREVIEW 


MalAddd LONGOUd 


SN54FB1651, SN74FB1651_— 

17-BIT TTL/BTL UNIVERSAL STORAGE TRANSCEIVERS © 
WITH BUFFERED CLOCK LINES | 

SCBS177B - OCTOBER 1993 — REVISED JULY. 1994 

description 


The ’FB1651 contains an 8-bit and a 9-bit transceiver with a buffered clock. The clock and the transceivers are 
designed to translate signals between TTL and backplane transceiver logic (BTL) environments. They are 
specifically designed to be compatible with IEEE 1194.1-1 (BTL) and IEEE 896.2-1991 (Futurebus+) standards. 


The B port operates at BTL-signal levels. The open-collector B ports are specified to sink 100 mA. Two output 
enables, OEB and OEB, are provided for the B outputs. When OEB is low, OEB is high, or Veci is typically less 
than 2.5 V, the B port is turned off. 


The A port operates at TTL-signal levels. The A outputs reflect the inverse of the data at the B port when the 
A-port output enable, OEA, is high. When OEA is low or when Vcc is typically less than 2.5 V, the A outputs 
are in the high-impedance state. 


Active bus-hold circuitry is provided to hold unused or floating TTL inputs at a valid logic state. 

BIAS Vcc establishes a voltage between 1.62 V and 2.1 V on the BTL outputs when Vcc Is not connected. 
BG Vcc and BG GND are the supply inputs for the bias generator. — 

The SN54FB1651 is characterized for operation over the full military temperature range of —55°C to 125°C. The 
SN74FB1651 is characterized for operation from —40°C to ae 


Function Tables 









| TRANSCEIVER | 
| INPUTS 
—— —— FUNCTION 
OEA OEA OEB OEB 


A data to B bus 
B data to A bus 
A data to B bus, B data to A bus 









B-bus isolation 


A-bus isolation 


INPUTS 
FUNCTION 
.LE CLK 


H X Transparent 
Store data 
Storage 


















wy TEXAS 
INSTRUMENTS 


6-28 POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 


woe 


functional block diagram 


1A01 


81 


80 


83 


82 


89 


SN54FB1651, SN74FB1651 
17-BIT TTLIBTL UNIVERSAL STORAGE TRANSCEIVERS 
WITH BUFFERED CLOCK LINES 


SCBS177B —- OCTOBER 1993 — REVISED JULY 1994 
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functional block diagram (continued) 


20EB —"2 e. 
30EB —*° = he 
2CLKAB ——= be 
2LeAB —44 
2LEBA —2! — be. 
2CLKBA —22 ie 
Te 
20EA —22 __q 
ac.k’ —!4 

r eh GEE Ge Gs GHEE GE GD CEE GEG GEO Ghlite GERI GED (ER GED Cm Gin ate 
l 

| 47 

| 2al2 

| 

| 

| 

[ 

16 

| 2a02 

1. 

| 

| 

Uses: seein nee ese “smn Samii dln om hun ‘Suni’ jms ls (tw Gens eas 





To Seven Other Channels 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Supply voltage range, Voc, BIAS Voc, BG VGC «. eee e cece cece ete eee t eee e teen en eens -0.5Vto7V 
Input voltage range, Vj: OxC6pLB POM c.c2cui sere dasaed eee ccuwmarsaayedanintesiautewsss -1.2Vto7V 
BDO piwcetivecaedua ners eee ea eagtay ee acer ease —-12Vto3.5V 

Input current range (except B 1) eee ee eee ee eee eee es et eee -40 mAto5mA 
Voltage range applied to any B output in the disabled or power-off state ................. —0.5 V to 5.5 V 
Voltage range applied to any output in the high state ........... ccc cee ee eee —0.5V to Vcc 
Current applied to any single output in the low state: A port ............. 0.0. e eee eee ae peeas 48 mA 
BOM: nates stented tees ceapingrio'e aaxinad lottery ere 200 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 1): PCA package ................. 1.8W 
Storage 1EMOCraluUre FANGS vss lass ne ewe eee adan daa e beng e ne veee onee aes -65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. For 

more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology Data 
Book, literature number SCBDO02B. 


recommended operating conditions (see Note 2) 


SN54FB1651 SN74FB1651 


Vcc, BG Vcc Supply voltage | 4.5 5 §5| 45 5 55 
BIAS Vcc Supply voltage 4.5 5 55] 45 5 55 


B port 1.62 2.3] 1.62 2.3 
VIH High-level input voltage — V 
Except B por 


0.75 1.47|{ 0.75 1.47 

VIL Low-level input voltage — 
a a ) 
r np damp ure a) 


IOH High-level output current A port | 


ES AAS) IE ge 
ee) en? 







PRODUCT PREVIEW 









-18 

-3 

IOL Low-level output current — = 
100 

TA Operating free-air temperature 


NOTE 2: Unused or floating pins (input or |/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range 












PARAMETER TEST CONDITIONS 


Voos45V,y==t8mA 


) eS A 
| VOH AO port Voc =4.5V V 
| | IoH =-3 mA 25 3.3 25 3.3 | 
Voc = 4.5 V, loL = 24 mA 035 085 035 0.5 | 
VOL loL = 80 mA 0.75 1.1} 0.75 114] V 
e B port Voc = 4.5 V 9 
ioL= 100 mA 
SLL Co are 
i eT) 
lit 


+ 






Voc = 5.5V,_ VWj=a27V 


Except B port Voo=55V, Vj=05V =50 el 
p= 100 | 


i 


Except B port 


Veo=55V, Win 075 
oz voo=55V,Vo-arv [sof ot A 
ioz, [AO pon |Veo=85,Vozosv | -so| sof na 


16 8) 
o 
> 


ios8 [Apo |Vco=85V,_Vo=0 | -a0 160-00 ~—~——160( ma 
| 
| | a ana 
lSSCSCS~SCSCSCS egg rNDSSCSC“‘“SC“‘CNCNC#S 
Co Vo = Voc or GND | 
Cio B port per P1194.0 
| Vcc = 4.5 V to 5.5 


T All typical values are at Voc = 5 V, Ta = 25°C. . 
+ For I/O ports, the parameters l)14 and |j;_ include the off-state output current. 
§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 


ion [Bpot _|vco=0055v,Vo-aiv | 100 j00] nA _| 












live-insertion specifications over recommended operating free-air temperature range 


| | 7 | SN54FB1651 | SN74FB1651 ma 
PARAMETER | TEST CONDITIONS aa me UNIT 
aay ; Veg = 0104.5\, VB=0to2V, VW) (BIAS Vcc) =4.5Vto5.5V = oe a8 
=Qto : = 4, Oo. 
pcomes NCS! WWocg=45Vio55V. | 2 : of ‘of 10. 


Vo [Bport [Voc =0, Vi (BIAS Vcc) = 4.5 V to 5.5 V 162 21] 162 21] Vv | 
| Voc=0, VB=1V, Vi (BIAS Voc) = 4.5 V to 5.5 V 
Bport | Voc =0105.5V, OEB = 0 to 0.8V pA 

| Vec=0to22V, OEB=0to5V 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 


(dock __ Clock frequency ow eR es 
LE righ eas 
Pulse duration —— eel = 
moe as Sees 
AI or 8 before LE Ts er 
tsu Setup time 










tw 


Al or B after LE 
th Hold time 
Al or B after CLKT 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 
















PARAMETER FROM TO SN54FB1651 SN74FB1651 UNIT 
(INPUT) (OUTPUT) MIN TYPT MAX]! MIN TYPT MAX 
aes | eae | 
ia | See ee 
— a ee ere: 
aie eRe 
| 24 65] 24 | 
Das es| as as 
one 
PLH 2CLKAB oCLKAB 
| 
a ee 
| sn LEBA AO 
(PHL a are: 
ea | oe 
wi CLKBA AO 
{PHL Fi 


en ee 
[tp -—______${ _s 
a 2CLKAB 2CLK’ 
| TPH 5 __s 12.4] 45 12.4 
| tPHE 
nee] ee 
T—SotpaLSSCd ae eee 
| PH SS es 
es OEA or OEA 
| tpirz 
tPHL - tPLH | 
Skew between drivers 
— Transition time, B outputs (1.3 V to 1.8 V) 


Transition time, AO outputs (10% to 90%) a 
[tem ___|B-por input pulse rejection ne ios ee ae ee 


T All typical values are at Voc = 5 V, Ta = 25°C. 
+ Skew values are applicable for through mode only. 


Hl 


tsk(p) 
sk(o 
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PARAMETER MEASUREMENT INFORMATION 










24V 
5 TV 16.52 
From Output From Output Test 
Under Test O Open Under Test tpLH/tPpHL 
Point t it 
O GND tPLZitPZL 
CL = 50 pF 30 pF PHZ'tPZH 
(see Note A) i 500 Q (see Note A) | 
LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS 
<——_ tw 
—* 
Input V V : 3V 
nput 1.5 ne Timing Input 1.5V 
OV | OV 
VOLTAGE WAVEFORMS 4 ie 
PULSE DURATION | tsu th | 
| — ! 3V 
| Data Input 1.5V 1.5V 
Poa eeied an Vee a 3V 
Input BY V OV 
(see Note B) 1. : 1.5 a VOLTAGE WAVEFORMS 
‘| SETUP AND HOLD TIMES 
t +9 | 
iia | a tPLH 
| | VOH 
Output 1.55 V 1.55 : Output 
——~ YOL Control 
VOLTAGE WAVEFORMS _ (see Note B) 


PROPAGATION DELAY TIMES (A to B) 


Input _—-—_— oo 2V 
(see Note B) 1.55 V | 1.55V 
1V 


l | 
t M3 
PHL iia: : : — 
| | VOH 
Output daa fs ie 
VOLTAGE WAVEFORMS 


PROPAGATION DELAY TIMES (B to A) 


NOTES: A. Cy includes probe and jig capacitance. 





een 4 
Output | 1.5V | | 
\ | f VoL +0.3V 
S1at7V | Vee 


(see Note C) 


—-—-—-— VOH 
Output | 15V VoH - 0.3 V 
(see Note C) . - 
=0 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES (A port) 


B. Allinput pulses are supplied by generators having the following characteristics: TTL inputs - PRR < 10 MHz, Zo = 50 Q, t-< 2.5 ns, 
tf < 2.5 ns. BTL inputs - PRR < 10 MHz, Zo = 50 Q, ty < 2.5 ns, t¢< 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 


Figure 1. Load Circuits and Voltage Waveforms 
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® Compatible With IEEE 1194.1-1991 (BTL) ® BIAS Vcc Pin Minimizes Signal Distortion 
and IEEE 896.2-1991 (Futurebus+) | During Live Insertion/Withdrawal 
Standards e B-Port Biasing Network Preconditions the 

© TTL A Port, Backplane Transceiver Logic Connector and PC Trace to the Backplane 
B Port Transceiver Logic High-Level Voltage 

® Open-Collector B-Port Outputs Sink ®@ TTL-Input Structures Incorporate Active 
100 mA Clamping Networks to Aid in Line 

@ Minimum B-Port Edge Rate = 2 ns Termination 

@ Isolated Logic-Ground and Bus-Ground © Package Options Include Plastic Quad 
Pins Reduce Noise Flat (RC) Package and Ceramic Flat (WD) 

Package 
SN54FB2031 ... WD PACKAGE SN74FB2031 ... RC PACKAGE 


(TOP VIEW) (TOP VIEW) 





description 


The ’FB2031 are 9-bit transceivers designed to translate signals between TTL and backplane transceiver logic 
(BTL) environments. They are specifically designed to be compatible with IEEE 1194.1-1991 (BTL) and 
IEEE 896.2-1991 (Futurebus+) standards. 


The B port operates at BTL-signal levels. The open-collector B ports are specified to sink 100 mA and have 
minimum output edge rates of 2 ns. Two output enables, OEB and OEB, are provided for the B outputs. When 
OEB is low, OEB is high, or Vcc is typically less than 2.5 V, the B port is turned off. 





UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA Information current as of publication date. Products conform to 
specifications per the terms of Texas instruments standard warranty. 


Aecone al processing does not necessarily include testing of all vi TEXAS 
is INSTRUMENTS 
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The A port operates at TTL-signal levels. The A outputs reflect the inverse of the data at the B port when the 
A-port output enable, OEA, is high. When OEA is low or Vcc is typically less than 2.5 V, the A outputs are in 
the high-impedance state. | | 


Pins are allocated for the four-wire IEEE 1149.1 (JTAG) test bus, which wiil be implemented in a future version 
of the ’FB2031. Currently, TMS and TCK are not connected and TDI is shorted to TDO. 


BIAS Vcc establishes a voltage between 1.62 V and 2.1 V on the BTL outputs when Vcc is not connected. 
BG Vcc and BG GND are the supply inputs for the bias generator. 


The SN54FB2031 is characterized for operation over the full military temperature range of —55°C to 125°C. The 
SN74FB2031 is characterized for operation from 0°C to 70°C. 


Function Tables 
TRANSCEIVER 


INPUTS 
—— FUNCTION 
OEA OEB OEB 


A data to Bbus 


L 
L ‘ B data to A bus 
L 
X 
H 














| H =H _L__| Adatato B bus, B data to A bus 


m mp rics 
<rmizcix 


STORAGE MODE 


LCA, LCB RESULT 


] 
0 Transparent 


Latches latched 
Flip-flops triggered 





SELECT . 
MUX MUX 
A-B BA 

Thru 


Flip-flop 
Latch 






0 0 


0 1 
1 0 
1 1 












Flip-flop 
Flip-flop 
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functional block diagram 


tca —18 Be. 
SELo —~2 . 
sei —!® i 
tcp —!® - f 
oes —*6 ie a 
“2 7 
Se 
aL Lote 


ik: 
cl 
s 





To Eight Other Channels 
Pin numbers shown are for the RC package. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


SUPPLY VOILAGE TANGC; VGC eiecsed inven seid vicbae Panacea nes cheer aabasnved mando ates -0.5Vto7V 
Input voltage range, V): except BOOM sarc Bouts cara bd eee ceee ee ates keane -1.2Vto7V 

B port be Se agstciata oie ate eae acer t OeNaa st agin ga ult cha Chae bree -1.2Vto3.5V 

Input current range (except B HOM): taxa taht doeemart awed teenies ark cee aame ieee se -40 mA to5mA 

_ Voltage range applied to any B output in the disabled or power-off Slate. s4cha Gein eeaes -0.5Vto5.5V 
Voltage range applied to any output in the high state ......... cece cece eee ee eee -0.5V to Voc 
Current applied to any single output in the low state: A port ........... cee cece eee eee eens 48 mA 
BO sue cacting cud waaccaain deans 200 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 1): RC package ..................: 1.4W 
Storage temperature range ........ cece cece ee tenet etree eee eee e ee eeeneee —65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating OS is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace ienath of 75 mils. For 

more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology Data 
Book, literature number SCBDO02B. 


recommended operating conditions (see Note 2) 


Vcc, BIAS Voc; 
BG Vcc 


High-level input voltage 

Except B port 

o7 iar 
Low-level input voltage 

Bess B port 


input clamp current 
uoneves output current 

lOL Low-level output current 
Operating free-air temperature 125 0 70 


. = products compliant to MIL-STD-883, Class B, this parameter is based on characterization data but is not tested. 
NOTE 2: Unused or floating pins (input or 1/O) must be held high or low. 






SN54FB2031 SN74FB2031 
UNIT 









Supply voltage 
















jin fone PREVIEW information concerns chert in the formative or 
of development. Characteristic data and other 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 
SN54FB2031 SN74FB2031 
TEST CONDITIONS UNIT 





PARAMETER 















VIK = Voc =4.5V ; V 
240 mA pono | 
or a Cr aan 
ox : 
[Brees Bpon [Vo s8. Wn sv ee Ae 
[Except pot’ [Voo=55V, Vin 0.5 
wt [Boot Woon, Sn 075 
a 
eee 
ro a 
ical [ape WeeeSB Woe 
ig ce | RS 
7a] a] 
a CCTs a YC eS 
Cio! f= : pF 
BponperPriead [Voo=0wS5¥ CeenN | aN | fill 








T All typical values are at Vcc = 5 V, Ta = 25°C. 

+ For I/O ports, the parameters |) and |); include the off-state output current. 

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
‘! Parameter is based on characterization but is not tested. 


live-insertion specifications over recommended operating free-air temperature range 


) 
PARAMETER TEST CONDITIONS 


UNIT 

MIN MAX ca Rel 
Voc = 0to 4.5V eis 

Ioc (BIAS Vcc) Vp=0to2V, V; (BIAS Vcc) = 4.5 V to 5.5 V 


7 
: Vcc = 4.5 V to 5.5 V 10 
Voo=0. Vi(BIASVoq)= 8V 
eo 


Voc =0, VB=1V, Vi (BIAS Voc) = 4.5 V to 5.5 V pt 
Bport |Voc=0to5.5V, OFB=0t00.8V 
Vcc = 0 to 2.2 V, OEB=0to5V 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 


| | SN54FB2031 | SN74FB2031 
[MIN MAX| MIN MAX| 


{clock Clock frequency 
tw Pulse duration, LCA or LCB 
Setup time , data before LCAT (clock mode) 



















Setup time , data before LCBT (clock mode) 
Setup time , data before LCAT (latch mode) 
Setup time , data before LCBT (latch mode) 
Hold time , data before LCAT (clock mode) 

Hold time , data before LCBT (clock mode) 

Hold time , data before LCAT (latch mode) 
Hold time , data before LCBT (latch mode) 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure : 


FROM TO c=5V,Ta =25°C | SN54FB2031 | SN74FB2031 
PARAMETER 
panaweren | Gaput (outrun) | MIN TYet— WAX nwa 


'PLH 
tPHL (thru ace 
tPHL 











2.8 


tPLH 
tPHL 


t 

(PHL 

vat ea ee 
[3762 68) 
ee 

PHL eS BE) 


a 


es 





. 
did at | 
See 
= 








ifn B (transparent) 
PHL 

ee OEB or OEB 
tPHL 


. 
a ig a7 a 
| 
Skew for any single 
channel | tpy, - tpLH! | 
sk(o 


Skew between drivers in —re8 
— Transition time, B outputs (1.3 V to 1.8 V) ee 





Transition time, A outputs (1 0% to 90%) 


B-port input pulse rejection 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
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| PARAMETER MEASUREMENT INFORMATION 














2.1V 
| ay 16.5.0 
From Output S1 ss From Output ror TEST a 
Under Test 500 2 O Open Under Test tpLH/tPHL Open 
Point tor Jit 
© GND PLZ/tpzi 
3 tPHZ/tPZH 
CL = 50 pF 0 pF 
(see Note A) T 500 2 (see Note A) i) 
LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS 
<—— tw ——> 
— 
Input 1.5V 1.5V sd 
p 5 6 Timing Input 1.5V 
OV | OV 
VOLTAGE WAVEFORMS +4 
PULSE DURATION | tsu th 
| 3 | | 3V 
eee ay Data put ‘sv XK 18v 
put 15V 1.5V oe 
(see Note B) 1 5 a VOLTAGE WAVEFORMS 
SETUP:AND HOLD TIMES 
‘ , 
ae 1 Te | <—+- tPLH 
| | ! VOH ay 
ee 1.55V #155 : Output | | 
—— VOL Control 1.5 V 
VOLTAGE WAVEFORMS (see Note B) | io may Condy 
PROPAGATION DELAY TIMES (A to B) ai l 
tPZL \e— 
| | —>| le tpiz 
| . | | | 
input 4.55 V cae | es _ | es 
(see Note B) : Output | VoL +0.3V 
! i > — *PLH tpzH- ie | 
1.5V 1.5V 15V Von -0.3V 
Output : 
p ——Vo, (see Note C) ie 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 


PROPAGATION DELAY TIMES (B to A) 
NOTES: A. Cy includes probe and jig capacitance. 


ENABLE AND DISABLE TIMES (A port) 


B. Allinput pulses are supplied by generators having the following characteristics: TTL inputs — PRR < 10 MHz, Zo = 50Q, tr < 2.5 ns, 


tf < 2.5 ns. BTL inputs - PRR < 10 MHz, Zo = 50 Q, ty < 2.5 ns, t#< 2.5 ns. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 1. Load Circuits and Voltage Waveforms 
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© Compatible With IEEE 1194.1-1991 (BTL) ® BIAS Vcc Pin Minimizes Signal Distortion 
and IEEE 896.2-1991 (Futurebus+) During Live Insertion/Withdrawal 
Standards @ B-Port Biasing Network Preconditions the 
© TTL A Port, Backplane Transceiver Logic Connector and PC Trace to the Backplane 
B Port Transceiver Logic High-Level Voltage 
® Open-Collector B-Port Outputs Sink 100 mA @ TTL-input Structures Incorporate Active 
® Minimum B-Port Edge Rate = 2 ns Clamping Networks to Aid in Line 
® Isolated Logic-Ground and Bus-Ground aoe oaen 
Pins Reduce Noise ® Package Options Include Plastic Quad 
‘ Flat (RC) Package and Ceramic Flat (WD) 
Package 
SN54FB2032... WD PACKAGE SN74FB2032 ... RC PACKAGE 
(TOP VIEW) (TOP VIEW) 


52 51 50 49 48 47 46 45 44 43 42 41 40 
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description 


The ’FB2032 are 9-bit transceivers designed to translate signals between TTL and backplane transceiver logic 
(BTL) environments and to perform bus arbitration. They are specifically designed to be compatible with 
IEEE 1194.1-1991 (BTL) and IEEE 896.2-1991 (Futurebus+) standards. 


The B port operates at BTL-signal levels. The open-collector B ports are specified to sink 100 mA and have 
minimum output edge rates of 2 ns. Two output enables, OEB and OEB, are provided for the B outputs. When 
OEB is low, OEB is high, or Vcc is typically less than 2.5 V, the B port is turned off. 
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description (continued) © 


The A port operates at TTL-signal levels. The A outputs reflect the inverse of the data at the B port when the 
A-port output enable, OEA, is high. When OEA is low or when Vcc is typically less than 2.5 V, the A outputs 
are in the high-impedance state. 


The A-port data can be latched by taking the latch enable (LE) high. When LE is low, the latches are transparent. 


The Futurebus+ protocol logic can be activated by taking COMPETE low. The module (device) then compares - 
its A data (arbitration number) against the A data of another identical module also connected to the B arbitration 
bus, and sets WIN high if the A data is greater than the A data of the other module (i.e., has higher priority). A8 
and B8 are the most significant bits, and A1 and B1 are the least significant bits. If OEBi is high and OEB is low 
during this operation and the A bus of the first module wins priority, the A bus asserts its arbitration number on 
the B-arbitration bus. 


AP and BP are the bus-parity bits. The winning module may assert BP low if its parity bit (AP) is high. 


In atypical operating sequence, a Futurebus+ arbitration controller latches its arbitration number into the A port 
and waits for the results of a competition. When the competition is complete, and if the controller’s arbitration 
number did not win, the controller reads back the current value of the B bus (by taking OEA high) and determines 
the winning arbitration number. This allows the module to change its arbitration number for the next competition 
cycle, if desired. 


Pins are allocated for the four-wire IEEE 1149.1 (JTAG) test bus, which will be implemented in a future version 
of the ’FB2032. Currently, TMS and TCK are not connected and TDI is shorted to TDO. 


BIAS Vcc establishes a voltage between 1.62 V and 2.1 V on the BTL outputs when Vcc is not connected. 
BG Voc. and BG GND are the supply inputs for the bias generator. | 


The SN54FB2032 is characterized for operation over the full military temperature range of —55°C to 125°C. The 
SN74FB2032 is characterized for operation from 0°C to 70°C. 
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Function Tables 
TRANSCEIVER 


INPUTS 
a FUNCTION 
OEA OEB- OEB 


A data to B bus 


B data to A bus 


Isolation 





WIN 
INPUTS 


A data to B bus, B data to A bus 
| eet rae DATA 
x [| oes | 2 
H 


H X X POL 

H L H X L 
L A1<A2 L 

L A2<A1 H 


T A1 refers to the A data of Module 1 and A2 refers to the 
A data of Module 2. If LE=L, A=current A data. If 
LE =H, A=the value of A8-A1 prior to the most recent 
low-to-high transition of LE. 















+ \f LE=L, AP=current AP data, if LE=H, 
AP=the level of AP prior to the most 
recent low-to-high transition of LE. 
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SN54FB2032, SN74FB2032 
functional block diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Supply vollage range: Ve: scesiaeseduiededdoiiatdesieiwdeivididelevehisdsds teedeiekt -0.5Vto7V 
Input voltage range, Vj:except BP, Bport ....... 0... cece cect eee c eee ne eneeenees —1.2Vto7V 
BR BOOM. acocersaceuicscuadawheescavdscecauatedeu a: mance -1.2Vto3.5V 

Input current range (except B port) ........... 0. cece cece e cece eee e eee eeeeeees -40 mAto5 mA 
Voltage range applied to any B output in the disabled or power-off state ...............0. —0.5 V to 5.5 V 
Voltage range applied to any output in the high state .......... eee cee eee -0.5 V to Voc 
Current applied to any single output in the low state: A port ........ 0... cece cece eens 48 mA 
BOON .s.o6.06n Kast nwectaaas as wacetd aon 200 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 1): RC package ................... 1.4W 
Slorage Temperature (aNnde: cmos core bia etna eoew lta ava scwnd ees eens —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. For 

more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology Data 
Book, literature number SCBDO02B. 


recommended operating conditions (see Note 2) 












SN54FB2032 SN74FB2032 
[MIN NOM MAX MIN NOM Max| ©" 
Voc, BIAS Voc. 
BG Vcc Supply voltage 4.5 5 5.5 4.5 5 5.5 V 
BP, B port 1.62 2.3] 1.62 2.3 
VIH High-level input voltage = V 
EootBpot | 2 «i 2 _—is 
BP, B port 0.75 1.47] 0.75 1.47 
VIL Low-level input voltage | = V 
Se 7) 
ik input clamp current “18 
ion High-level output curen APWINApor | ——S—~dSSCSCSC~C~S Sm 
APWINApot [| 
lOL Low-level output current —— : : mA 
BP, 6 por 
TA Operating free-air temperature —55 125 


NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) | 
SN54FB2032 SN74FB2032 

TEST CONDITIONS UNIT 

MIN. TYPT MAX] MIN TYPT MAX | 

Vour48V, y=a18 mA 


. Voo=45V,loH=-3 mA 

Vog=45V, lo. =24mA 

: 

xcept BP, B por Voo=86V, VWp=2.7V ne. 

xcept BP, B port Voo=55V, Vj=05V | 

BB por Voo=55V, Wn0.75V 
- 30 












PARAMETER 











>} mMmico 
0} X | <0 
S18 | o 
Z/a18 
cli O 
> | oll = 
3] oO 
318 
io & 


OH 


> 
a 
= 
Zz 





| 
> 
no) 
=! 


ow 
me) 
wl 
TS 
(e} 
= 3 





+ 


mim 


ot ea ng < |<] < 
: 










50 
25 
5 





H 
ios mA 
oo Papo teBpOR ey oag ae ee Eee en 
B port to A port | a ee ee ee 
6 VievoooanD ST SCdTSC(“‘;C*™*™*™*™~C~ésSYUSC‘“(#SN#NN’N’NNNT SO 
Co | Aport 


Vo= Voc or GND 
CC | oF 





a 


io _ | B port per P1194.0 





Voc = 4.5 Vto5.5V 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+ For I/O ports, the parameters I)14 and I include the off-state output current. 
§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 





live-insertion specifications over recommended operating free-air temperature range 


| SN54FB2032 | SN74FB2032 
| PARAMETER TEST CONDITIONS [MIN MAX] MIN MAX. UNIT 


Ioc (BIAS Vog) REC=P RAEN tye oto2v, Vi (BIAS Voc) = 4.5 V 05.5 V pA 
= é = 4, O 
co(BASVoo) [coz asviossv |® habale 
Vo - Voc =0, Vi (BIAS Voc) = 4.5 V to 5.5 V 162 21] 1.62 24 
1 


Voo=01085V, OEB=01008V uA 
Vog=0t022V, OED =0105V [100 [1001 





lo Veco: Vg=1V, Vi(BIAS Voc) =45V055V 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 


Tac 25°C Lisi basence 
FROM TO SE SN54FB2032 | SN74FB2032 
Ta = 25°C 
PARAMETER (INPUT) (OUTPUT) A 
eg Aor AP 
| tpHe 





‘ 





COMPETE 







COMPETE 










eae Wa ee ee) 
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PARAMETER MEASUREMENT INFORMATION 







2.1V 
7V 16.5Q 7 
From Output From Output Test TEST a 
Under Test O Open Under Test tpLH/tPpHL Open 
Point 
tpLz/tPZL 
O GND tPpHz/tpZH 
C= 50 pF 30 pF 
(see Note A) T 500 © (see Note A) T 
LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS 
i—— tw ——> 
| | 3V 
| | | | 3V 
nput 1.5V 1.5V Timing Input 1.5V 
OV | OV 
VOLTAGE WAVEFORMS ¢__pe > 
PULSE DURATION | tsu tho | 
| | 3V 
Data Input 15V 1.5V 
is ee ee 3V 
put 1.5V V a 
(see Note B) : ! 1.5 a VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
t e 
coe 1 a | <1 tPLH 
| | VOH 
3V 
Output 1.55 V 1.55 if Output 
~~ YOL Control 
VOLTAGE WAVEFORMS (see Note B) | Bi ia sath hy 
PROPAGATION DELAY TIMES (A to B) _»J | 
tPZL je 
| | —>| le tpiz 
| | 
eek 1.55 V NGav | ” - | oo 
(see Note B) Output | VoL + 0.3V 
Pisve" tou | ane TET a 
1.5V 1.5V pian 1.5V VoH-0.3V 
Output ee Not ° 
p ——-Vo, (see Note C) 26 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (B to A) ENABLE AND DISABLE TIMES (A port) 
NOTES: A. Cy includes probe and jig capacitance. 










B. Allinput pulses are supplied by generators having the following characteristics: TTL inputs - PRR s 10 MHz, Zo = 50Q, ty < 2.5 ns, 


tf < 2.5 ns. BTL inputs — PRR < 10 MHz, Zo = 50 Q, t < 2.5 ns, tf< 2.5 ns. 
. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
. The outputs are measured one at a time with one transition per measurement. 


Oo OO 


Figure 1. Load Circuits and Voltage Waveforms 
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@ TTL A Port, Backplane Transceiver Logic e B-Port Biasing Network Preconditions the 
(BTL) B Port Connector and PC Trace to the Backplane 
100 mA ® TTL-Input Structures Incorporate Active 

@ Isolated Logic-Ground and Bus-Ground Clamping Networks to Aid in Line 
Pins Reduce Noise Termination 

® BIAS Vcc Pin Minimizes Signal Distortion ¢ Package Options Include Plastic Quad 
During Live Insertion/Withdrawal Flat (RC) Package and Ceramic Flat (WD) 

Package 
SN54FB2033... WD PACKAGE SN74FB2033A ... RC PACKAGE 
(TOP VIEW) (TOP VIEW) 
@ 
NC U1 561] NC ul es 
~~ rr Oo Q 
IMODE1 [2 551} IMODEO 2 wu ° Z ag 
= > 
CLKAB/LEAB [3 541] BG Voc Resto 8¥SQohoe. 
| Voc 44 53] 0EA <icgHO>o22a00% gla 


GND []5 521] BG GND 
All U6 511] BIAS Voc 
AO1 7 501] BY 
Al2 8 491} GND 
GND Lg 48] B2 
AO210 471)GND 
Als 11 461] B3 
AO3 [12 451] GND 
Al4}i3 ss - 44a] B4 
AO4 [14 431] GND 
LOOPBACK [] 15 421} BS 
Ald [16 411] GND 
AO5t17 40} B6 


Alé6 18 391] GND 3 
Ao6 [ji9 ~—s 38] B7 14 15 16 17 18 19 20 21 22 23 24 25 26 


PAS 
- 





Al7 20 371] GND ROOD OLOn Qm ([m |9 
GND [J21 —- 361) Ba Ct 24SRaarsglss 
AO7 {22 351] GND > g g 

Als{j23 ~—s- 34] OEB goo 

Aos[j24 ~—- 33 1] OEB 5 


GND U25 321} Voc 
Voc 426 31) OMODE1 
CLKBA/LEBA {27 301] OMODEO 
Nc [28 291} NC 


a . 
NC — No internal connection 
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description 


The SN54FB2033 and SN74FB2033A are 8-bit transceivers featuring a split input (Al) and output (AO) bus on 
the TTL-level A port. The common-1/O, open-collector B port operates at backplane transceiver logic (BTL) 
signal levels. 


The logic element for data flow in each direction is configured by two mode inputs (IMODE1 and IMODEO for 
B-to-A, OMODE1 and OMODEDO for A-to-B) as a buffer, a D-type flip-flop, or a D-type latch. When configured 
in the buffer mode, the inverted input data appears at the output port. In the flip-flop mode, data is stored on the 
rising edge of the appropriate clock input (CLKAB/LEAB or CLKBA/LEBA). In the latch mode, the clock pins 
serve as active-high transparent latch enables. | 


Data flow in the B-to-A direction, regardless of the logic element selected, is further controlled by the 
LOOPBACK input. When LOOPBACK is low, B-port data is the B-to-A input. When LOOPBACK is high, the 
output of the selected A-to-B logic element (prior to inversion) is the B-to-A input. 


The AO port-enable/-disable control is provided by OEA. When OEA is low or when Vcc is less than 2.5 V, the 
AO port is in the high-impedance state. When OEA is high, the AO port is active (high or low logic levels). 


The B port is controlled by OEB and OEB. If OEB is low, OEB is high, or Vcc is less than 2.5 V, the B port is 
inactive. If OEB is high and OEB is low, the B port is active. 


BG Vcc and BG GND are the bias-generator reference inputs. 


The A-to-B and B-to-A logic elements are active regardless of the state of their associated outputs. The logic 
elements can enter new data (in flip-flop and latch modes) or retain previously stored data while the associated 
Outputs are in the high-impedance (AO port) or inactive (B port) states. 


Output clamps are provided on the BTL outputs to reduce switching noise. One clamp reduces inductive ringing 
effects on Voy during alow-to-high transition. The other clamps out ringing below the BTL Voc, voltage of 0.75 V. 
Both these clamps are active only during AC eae and do not affect the BTL outputs during steady-state 
conditions. 


BIAS Vcc establishes a voltage between 1.62 V and 2.1 V on the BTL outputs when Vcc is not connected. 


The SN54FB2033 is characterized for operation over the full military temperature range of —55°C to 125°C. The 
SN74FB2033A is characterized for operation from 0°C to 70°C. 
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Function Tables 
FUNCTION/ MODE TABLE 


INPUTS 
FUNCTION/MODE 


OEA OEB OEB OMODE1 OMODEO IMODE1 IMODEO LOOPBACK 
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L X H X X xX X X 

a 
XH H x x x x 
H L X X X L L L = 
H L X X X L H L ms 
H E X X- X H X L ae 
4 L X X xX .oL L H 
H X H X X L H H ; 
H x H X X H X H | 
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Function Tables (Continued) 







ENABLE/DISABLE 
INPUTS - OUTPUTS 
OEA OEB_ OEB AO B 





Active 










Inactive (H) 
Inactive (H) 
Active 
Inactive (H) 










BUFFER 


L 4H 
H L 


INPUTS 
CLK/LE DATA 









LOOPBACK 


LOOPBACK 


L B port 
H Point P+ 
TQ is the input to the B-to-A 
logic element. 
P is the output of the A-to-B 
logic element (see functional 


block diagram). 






SELECT 


INPUTS | SELECTED LOGIC 
ELEMENT. 


MODE1 MODEO 
Buffer. 


L L 
L H Flip-flop 
H (xX 


Latch 
FLIP-FLOP 


INPUTS 
OUTPUT 













CLK/LE DATA 


L X Qo 
T L H 
i H L 
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functional block diagram 
23 


“ * 
OEB _24 >o 


21 
20 


OMODE1 
OMODEO 


CLKAB/LEAB s Be. 
Transceiver 


| 
! ae 
ai 2 | . . ED: > aah 


IMODE1 
IMODEO 


CLKBA/LEBA —~ i 


Transceiver 


a | 


51 


AO1 


obra —*8 





en 


LOOPBACK — 


Pin numbers shown are for the RC package. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


SUPPIY Voltage TANGE |. VGC: eeacits ered tsnaa Sendo inwan gaiteee veo sf Siviceed-aiarmre Bie eee aN -0.5Vto7V 
input voltage range, Vj: except B port ........ 0. ccc cece eee esc e cee etesetesseunscoece -1.2Vto7V 
B Pl accbee osc eencnerenmaienn ees alec wean -1.2Vto3.5V 

Input Current range, (except B port) .......... cece cece ete e eee ennees -40 mA to5 mA 
Voltage range applied to any B output in the disabled or power-off state ................. -0.5 V to 3.5 V 
Voltage range applied to any output in the high state: A port .............. cee eee eee -0.5 V to Voc 
Current applied to any single output in the low state: A port ............. cece eee eee eee 48 mA 
B D0 apap clot auucaeagened elton ences 200 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 1): RC package ....... Soo aes 1.4W 
Storage temperature range ...............00eeee Ga atlas rt Steg teat aotastn yaw ROR esata as -65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. For 

more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002B. 


recommended operating conditions (see Note 2) 


SN54FB2033 SN74FB2033A 
MIN NOM MAX] MIN NOM MAX| 


Vcc, BG Vcc Supply voltage 4.75 5 5.25] 4.75 5 52 
BIAS Vcc Supply voltage 4.5 5 5.5 










5.5 
2.3 













er (2: ee 
VIH High-level input voltage = 
Except B port 
ee 

VIL Low-level input voltage — 
Except B port 

lOH High-level output current — | AO port 
AO port 

lOL Low-level output current = 

At/Av Input transition rise or fall rate Except B port 


TA Operating free-air temperature —55 


* On products compliant to MIL-STD-883, Class B, this parameter is based on characterization data but is not tested. 
NOTE 2: Unused or floating pins (input or 1/O) must be held high or low. 





PRODUCT PREVIEW information concerns products In the formative or és 

design phase of development. Characteristic data and other } 

specifications are design goals. Texas Instruments reserves the right to Ti 

change or discontinue these products without notice. I EXAS 


6-56 | - POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 


SN54FB2033, SN74FB2033A 
8-BIT TTL/BTL REGISTERED TRANSCEIVERS 


SCBS174D —- NOVEMBER 1991 — REVISED JULY 1994 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 





















SN54FB2033 SN74FB2033A 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPT MAX] MIN TYPT MAX 
Mik SSSSC*i = 4-75, [==18 mA 


Voc = 4.75 V to 5.25V, IoH=-10 pA eo oor 
AO por lon ==3ma | v 
P Voc = 4.75 V WoH=-3mA__| 
i= =82 mA a SASS aa 
io. =20™mA 
AO port Voc = 4.75 V os 
ion = 55 mA SSSA RR 7 
a Voowarsv [Ou= 100m a7 13 
ii = | 


Veee = 5.25 V, i =2.7V 
aan ET Vjp=2.1V 
Voc = 5.25 V, Vj = 0.5 V 
ee 5.25 V, Vj = 0.75 V 
foz, [AOpot|Voo=625V,Voeasv | S80] SS— On 
eee a 


Al port and 


—— AO port Vo = Vcc or GND 
Cio! B port per P1194.0 cor 
Voo= 475 V10 525 a | ne 


Tt All typical values are at Vcc = 5 V. 

+ For I/O ports, the parameters I)14 and |); include the off-state output current. 

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
‘| Parameter is based on characterization data but is not tested. 



























live-insertion characteristics over recommended operating free-air temperature range (see Note 3) 


ne 54FB2033 ne 
PARAMETER TEST CONDITIONS 


Voc = 0 to 4.5 V 
ioc (BIAS Vcc) Vgp=O0to2V, V; (BIAS Voc) = aaa 


Voc = 4.5 V to 5.5 V | Voc = 4.5 V to 5.5 V | 


Vo «| Bport_ | Voc =0, Vj (BIAS Voc) = 4.5 V to 5.5 V 


Voc = 0, Vp=1V, V| (BIAS Vcc) = 4.5 V to 5.5 V 
Bport |Vcc =0to 5.5 V, OEB = 0 to 0.8 V . 
Vcc = 0 to 2.2 V, OEB=0to5V 


NOTE 3: Power-up sequence is as follows: GND, BIASVcc, Vcc. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 2) 


| ss SNS4FB2033,—s 
a 5 V, Voc =5V, 
Ta = 25°C Ta = 25°C 


clock Clock frequency 


Pulse duration, CLKAB/LEAB or CLKBA/LEBA 
' Setup time, data before CLKAB/LEAB 
su or CLKBA/LEBAT 
, Hold time, data after CLKAB/LEAB 
h or CLKBA/LEBAT 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (See Figure 2) 






[___SNSAFB2053——— 

a SS a 
Al 6] 12 75 46 
iiharmode) ea: 13 a 
the mod) Cars ar[ ie ral sas asf ar 
a 4.6 
me 1336 43 
25 42 55| 25 6.1) 
pare | A 27 5.6 57 
| 47 24 37 47 
= ee 226 41 pene ee eee | 
oe oe | ee 4.4 oe 
a = Geese 
Hea fe Be E ec EST 
Dez , Fa) Co) 
EC) MCC 
56[ 15 65 a7 
pete | Be 

OMODE 
ia 35 6] 1 65| 24 45 6] 24 67 
1886 69 

LOOPBACK 
3146 67] 31 69 
19° 37 57 19° 3.7 55 

Rise time, 

90% to 10% 
ae 
* On products compliant to MIL-STD-883, Class B, this parameter is based on characterization data but is not tested 
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output-voltage characteristics 


TEST ae | SN74FB2033A | 
VoHpt Peak output voltage during turnoff of 100 mA into 40 nH a 
VOHV + Minimum output voltage during turnoff of 100 mA into See Figure 1 ; 


40.nH 
VOLV Minimum output voltage during uo iow switch HIOL =-50 mA | mA 


tT Parameter is based on characterization data but not tested. 














PARAMETER MEASUREMENT INFORMATION 


2.1V 


9Q 
40 nH 
From Output 


Under Test 
30 pF 


Figure 1. Load Circuit for Vonp, VoHv 





PRODUCT PREVIEW information concerns products in the —_, va 
phase of development Characteristic data and 


spedeatan rely got, Texas ingens aes he ig ws TEXAS 
_ INSTRUMENTS 


6-60 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


SN54FB2033, SN74FB2033A 
8-BIT TTL/BTL REGISTERED TRANSCEIVERS 


SCBS174D - NOVEMBER 1991 - REVISED JULY 1994 


PARAMETER MEASUREMENT INFORMATION 













2.1V 
7V 
O 
From Output Test 
From Output - Under Test Point tpLH/tPHL 
Under Test Open tpLZ/tpZL 
tpyz7it 
Ci = 50 pF BAG 30 pF PHZ'*PZH 
(see Note A) | Q (see Note | 
LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS 
3V \¢——— ty ——_> 
Timing Input 1.5V | | ay 
| ue Input 1.5V , | 1.5V 
tsu —¢—_—> npu 2 5 
| oe th OV 
| | | 3V VOLTAGE WAVEFORMS 
Data Input | 1.5V 1.5V PULSE DURATION 
. OV 
VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 3V 
Output 
Control 1.5 V 
PEE AAR RE 3V (see Note B) FE esgic? 3 noc ov 
nput 1.5V 1.5V _»J | 
(see Note B) | tPZL | \¢— 7 
! | OV | —>| tpLz 
tpHL —¢—— | | 
: a tPLH . | _ | 3.5 V 
utput 
| | VOoH Si at7V | VoL + a Wes 
Output 1.55 V 1 poe (see Note C) | tpHz >| be—- 
VOL tpzH | 
VOLTAGE WAVEFORMS | ssi easly 
PROPAGATION DELAY TIMES (A to B) Output 15V Von -0.3 V 
(see Note C) ; 
~OV 
he Se See 2.1V VOLTAGE WAVEFORMS 
(see Note B) fv iss ENABLE AND DISABLE TIMES (A port) 
| 1V 
| 
t —4q—— ») | 
— VOHP 
| | VoH : —_ 21V 
‘ 1.5V 1.5V — “OHV 1V 
utput ee 
OL — VOLV 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 


PROPAGATION DELAY TIMES (B to A) 
NOTES: A. Cy includes probe and jig capacitance. 


B. Allinput pulses are supplied by generators having the following characteristics: TTL inputs - PRR < 10 MHz, Zo = 50 Q, tp < 2.5 ns, 
t¢< 2.5 ns, BTL inputs — PRR < 10 MHz, Zo = 50 Q, t, < 2.5 ns, t#< 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is hign except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 


Figure 2. Load Circuits and Voltage Waveforms 
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© Compatible With IEEE 1194.1-1991 (BTL) ® BIAS Vcc Pin Minimizes Signal Distortion 
Standard During Live Insertion/Withdrawal 
@ TTL A Port, Backplane Transceiver Logic e B-Port Biasing Network Preconditions the 
B Port Connector and PC Trace to the Backplane 
® Open-Collector B-Port Outputs Sink 100 mA Transceiver Logic High-Level Voltage 
@ Isolated Logic-Ground and Bus-Ground © Package Options Include Plastic Quad 
Reduces Noise Flat (RC) Package and Ceramic Flat (WD) 
Package 
SN54FB2040... WD PACKAGE SN74FB2040... RC PACKAGE 
(TOP VIEW) (TOP VIEW) 





NC — No internal connection 


description 


The 'FB2040 are 8-bit transceivers designed to translate signals between TTL and backplane transceiver logic 
(BTL) environments. 


The B port operates at BTL-signal levels. The open-collector B ports are specified to sink 100 mA. Two output 
enables, OEB and OEB, are provided for the B outputs. When OEB is high and OEB is low, the B port is active 
and reflects the inverse of the data present at the A-input pins. When OEB is low, OEB is high, or Vcc is typically 
less than 2.5 V, the B port is turned off. 





PRODUCTION DATA information is current as of publication date. 2 
Products conform to specifications per the terms of Texas Instruments ] 
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testing of all parameters. 
INSTRUMENTS 


POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 6-63 


Copyright © 1994, Texas Instruments Incorporated 


SN54FB2040, SN74FB2040 
8-BIT TTL/BTL TRANSCEIVERS 


SCBS173B - NOVEMBER 1991 — REVISED SEPTEMBER 1994 
description (continued) — 


The A port operates at TTL-signal levels and has split input and output pins. The A outputs reflect the inverse 
of the data at the B port when the A-port output enable, OEA, is high. When OEA is low or when Vcc is typically - 
less than 2.5 V, the A outputs are in the high-impedance state. 


Pins are allocated for the four-wire IEEE 1149.1 (JTAG) test bus. Currently, TMS and TCK are not connected 
and TDI is shorted to TDO. 


BIAS Voc establishes a voltage between 1.62 V and 2.1 V on the BTL outputs when Vcc is not connected. 


The SN54FB2040 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN74FB2040 is characterized for operation from 0°C to 70°C. 


FUNCTION TABLE 


INPUTS 
—— FUNCTION 
OEB OEB OEA 


BdatatoAObus | 


Ai data to B bus 
H | Al data to B bus, B data to AO bus 





logic symbolt 


46 
OEB 
47 
OEA 
— 45 
OEB = 


nor eee 
ae Pao) } 
52 


AO2 : = B2 
2 iz 

Al2 ; | x | 

AO3 B3 
3 

Als — ae = 34 

AQ4 B4 
8 

Al4 ae x 

aos 10 32 i 
9 

Al5 : ae =: 

ao 12 30 a 
14 Lo 

Al6é | 

nee 16 28 = 
18 ioe 

AI7 

re 20 26 BE 
24 | 

Als Se x 


 t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the RC package. 
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functional block diagram 


orp —“© Pe 
@ i 
OFA —~ ie. 


3 

m 

vs) 
p 
33) 


40 __ 
Ae! FJ o jp Bi 
cp 


> 
wt 


— ———~’ 


To Seven Other Channels 
Pin numbers shown are for the RC package. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


SUpPly VONEGe TANGO: NV. CG: mi vactasvcnay cares seams. UedetedasenNedne ike ded bamens end’: -0.5Vto7V 

Input voltage range, Vir except BOM: 2cvnicsiceca hee aaah eiteGe dues eee di eeee ead -1.2Vto7V 

BPO shar bh ccaniernaseimedewraneda tse micwatamodumatehs -1.2Vto3.5V 

Input current range (except B port) .......... cee eee eee eee erect ee tte etnies -40 mA to5 mA 

Voltage range applied to any B output in the disabled or power-off state ................. -0.5V to5.5V 
Voltage range applied to any output in the high state... 1... eee ee ee eee eee —0.5VtoVeco © 

Current applied to any single output in the low state: Aport ........ 0... cc eee eee eee eee ees 48 mA 

Bon wesetuetected eo oarauetocenteecses 200 mA 

Operating free-air temperature range, Ta: SN54FB2040 ........... 2 eee ee eee —-55°C to 125°C 

SN/4EB2Z040 fiscvnren atv dedaewess iy etee ea esee 0°C to 70°C 

Maximum power dissipation at T, = 55°C (in still air) (see Note 1): RC package ................... 1.4W 

Slorage lemMperature faNnge incco5 es owe er atatenkaweaetetakenerrelaekesauwesawens —65°C to 150°C 


tT Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTE 1: The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. For 
more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology Data 
Book, literature number SCBDO02B. 
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“recommended operating conditions (see Note 2) 


SN54FB2040 at RO A 
UNIT 


Vcc, BIAS Vcc, 
BG Vcc Supply voltage 4.75 
2.3 


ale eae 

VIH High-level input voitage 
Except port SR aa 
[Bport? | 75 tart 076 17 


Low-level input voltage 
= aS SR.) 


Input clamp current 
High-level output current AO port 


Low-level output current 





Operating free-air temperature 


is = products compliant to MIL-STD-833, Class B, this parameter is based on characterization data but is not tested. 
NOTE 2: Unused or floating pins (input or !/O) must be held high or low. 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


SN54FB2040 SN74FB2040 
PARAMETER TEST CONDITIONS 
MIN TYPT MAX} MIN TYPT MAX 
j= 18 mA 
ee bs i= =40mA 
lou=-ima +f CdCSSCSC~CS 
AO port Voc = 4.5 V 10H 
ion=-3mA_—«| 2533 —~«dLC=C 
= 20 mA a 
AO port Voc =4.5 V 
ou=aton [os as 08 08 
: are = SA 
pen os on 2100 ET] 
ae Except B port Voc = 5.5 V, =5.5V 
lt aa Voc = 5.5 V, - 2.7V 
[Except B port | eee 
a Vo=2AV SE eee are 
eo a oT a RMN aT Is 
TE CS A SRE ENR GE 
ios’ [AOpot __[Voo=55V,__Vo=0 30 “170 | ~80 180 |_mA_ 
' Al port to B port y, 5.5 V, 
CC B port to AO port ee 
Al cal 
Cj Vi = Voc or GND 
ae Vo= Veo orGND 


Bponperpiiago” [eo 
le) er 
he Voc = 4.5V to 5.5 V 


* On products compliant to MIL-STD- 833, Class B, this parameter is based on characterization data but is not tested. 

T All typical values are at Voc = 5 V, Ta = 25°C. 

+ For I/O ports, the parameters I)}4 and |), include the off-state output current. 

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 


lo =0 
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live-insertion specifications over recommended operating free-air temperature range 


ie ae erie 
PARAMETER TEST CONDITIONS UNIT 


loc @AS Voq) PES=CEAEY I vg Sse, Wa eee a 
Noga 45055V 
iy 
Voc=0, VB =1V, Vj (BIAS Vcc) = 4.5 V to 5.5 V 
ef ™ 
























Vog=0toS5V, OES = 010 08V A 
[Voo=0to22V,OEB=018V 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 


TAT 25°C | swssrBzo40 | sw7arBz0%0 
FROM TO SN54FB2040 | SN74FB2040 
Ta = 25°C 
PARAMETER (INPUT) (OUTPUT) —— 
co COT 











ace 

284286 

[a7 51 e7[ 05 a9 37, 
3 


365268] 18 95] 387) 
2.9 59/ 02 98] 26 6.1 
ZH = Passa 2468 

aa] 08 ref a 


tPHZ oh 23 41 59] 1 82{ 19 65 
tPLZ 4.5 0.4 7.2 1.4 4.7 
. Skew for any single atlas 
Skew between drivers 
Rise time, 13V 10 18V [228 ss] o2 45] a7 | 
__Fall time, 1.8 V to 1.3V Le ee 


090] _1 aa] 


* On products compliant to MIL-STD-833, Class B, this parameter is based on characterization data but is not tested. 
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PARAMETER MEASUREMENT INFORMATION 











2.1V 
| on 16.5 
, : aes 
From Output 5000 ~—«St From Output Test TEST | st | 
Under Test © Open Under Test Point tpLH/tPHL Open 
tpLz/tpze 
t It 
C_ = 50 pF 5000 30 pF PHZ!'PZH 
(see Note A) i} | (see Note A) i} 
LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS 


SSS SV 
Input 
(see Note B) 1.5V | 15V ss 
| 
t —«—9 | 
poe | ¢—_>— tri 


| | | VOH 
eitsit 1.55V 1.55V 
a NOE 


VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (A to B) 


Input ff 2V 
(see Note B) 1.55 V 1.55V 
| 1V 


| 
t —¢-—_—» | 
ue el a tPLH 


| 
1.5V 15V 
Output 
E a= VOL 


VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (B to A) 


NOTES: A. Cy includes probe and jig capacitance. 






3V 
Output 
Control 1.5V 
(see Note B) a me 
tPLZ je | 
: === =P, 3.5 V 
Output 1.5V | 
$1 at7V | arly Gabi] cna 
(see Note C) | tpHz —P| e— 
tezH i | 
Output 
(see Note C) 





VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES (A port) 


B. Allinput pulses are supplied by generators having the following characteristics: TTL inputs - PRR < 10 MHz, Zo = = 50Q, tp<2.5ns, 
tf< 2.5 ns. BTL inputs - PRR < 10 MHz, Zo = 50 Q, tr < 2.5 ns, tf< 2.5 ns. 


9 9 


Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
. The outputs are measured one at a time with one transition per measurement. 


Figure 1. Load Circuits and Voltage Waveforms 
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® Compatible With IEEE 1194.1-1991 (BTL) ® BIAS Vcc Pin Minimizes Signal Distortion 
Standard During Live Insertion/Withdrawal 
@ TTL A Port, Backplane Transceiver Logic © B-Port Biasing Network Preconditions the 
B Port Connector and PC Trace to the Backplane 
® Open-Collector B-Port Outputs Sink 100 mA Transceiver Logic High-Level Voltage 
@ Isolated Logic-Ground and Bus-Ground @ Package Options Include Plastic Quad 
Reduces Noise Flat (RC) Package and Ceramic Flat (WD) 
Package 
SN54FB2041 ... WD PACKAGE SN74FB2041 ... RC PACKAGE 
(TOP VIEW) (TOP VIEW) 





NC — No internal connection 


description 


The ’FB2041 are 7-bit transceivers ceslgnedte to translate signals between TTL and backplane transceiver logic 
(BTL) environments. 


The B port operates at BTL-signal levels. The open-collector B ports are specified to to sink 100 mA. Two output 
enables, OEB and OEB, are provided for the B outputs. When OEB is high and OEB is low, the B port is active 
and reflects the inverse of the data present at the A-input pins. When OEB is low, OEB is high, or Vcc is typically 
less than 2.5 V, the B port is turned off. The enable/disable logic partitions the device as two 3-bit sections and 
one 1-bit section. 





UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1994, Texas Instruments Incorporated 
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description (continued) 


The A port operates at TTL-signal levels and has split input and output pins. The A outputs reflect the inverse 
of the data at the B port when the A-port output enable, OEA, is high. When OEA is low or when Vcc is typically 


less than 2.5 V, the A outputs are in the high-impedance state. 


Pins are allocated for the four-wire IEEE 1149.1 (JTAG) test bus. Suirenty, TMS and TCK are not connected 


_and TDI is shorted to TDO. 


BIAS Vcc establishes a voltage between 1.62 V and 2.1 V on the BTL outputs when Vcc is not connected. 
The SN54FB2041 is characterized for operation over the full military temperature range of —55°C to 125°C. The 


SN74FB2041 is characterized for operation from O0°C to 70°C. 





6-70 


FUNCTION TABLE 


INPUTS 
FUNCTION 
OEB OEB OEA 


B data to AO bus 


Al data to 8 bus 
Al data to B bus, B data to AO bus 
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logic symbolt 

46 

OEB 
47 

10EA 

a —. 3A5 

10EB 
20 

20EA 

25 

20EB 
24 

30EA 

_ 26 

30EB 

1Ao1 — aT 
51 

tat ee 
52 38 

2A01 2B1 
2 a 

2Al1 

oO : : 38 BD 

2A02 = 
: aa 

2Al2 

2A03 — 3 28S 
8 al 

2A13 


10 32 Roads 
9 ea! 


3A02 Ue = 3B2 
14 
‘ 16 28 353 
3A03 
18 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the RC package. 
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functional block diagram 


orn —*© Pe. 
10EB —*> I> 
10EA —~~ > 


20EB —* © ie 
20EA ——~ Be: 
2a — ee: am 
2do1 — ate 


2Al3 


. ; = 


— 3a02 —12 ml 


3a03 —2 


Pin numbers shown are for the RC package. 
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36 
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=| 
wh 
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wd 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply VOlage (ange; VCE: cstswnecoeeectae ates oti ava tueiee peed eeheeiaheue ae means -0.5Vto7V 
Input voltage range, Vj: except Bport 21.0... ccc ec cece e eee eet eee eee eee eae -1.2Vto7V 
BB DOM akena eee sal net ace wt ie ts al inl dete as ae Bs a ads —1.2Vto3.5V 

Input‘current' range (except B polt): v.c.icus.concaceskavecatereasarumveread yawan eles -40 mAto5mA 
Voltage range applied to any B output in the disabled or power-off state ................. —0.5 V to 5.5 V 
Voltage range applied to any output inthe high state ........... eee ees -0.5 V to Voc 
Current apples to any single output in the low state: A port ....... 0... cece eee eee eee 48 mA 
BOOn: getee sca tusssencd steers meresan dc 200 mA 

Operating free-air temperature range, Ta: SN54FB2041 ........ ee Tr are —55°C to 125°C 

SN/4EB2041* nt laing he eee aohece donee dees O°C to 70°C © 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 1): RC package ................... 1.4W 
Storage (OMpPeraltuire TANG is wcwats ew neces hen oad eke ewe ead eee Sears ees’ s —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. For 

more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002B. 


recommended operating conditions (see Note 2) 


as ar na A | 
UNIT 


Vcc, BIAS Vcc, 
BG Voc Supply voltage 5.5 


ee 
High-level input voltage 


Except B port 


075 
Low-level input voltage 
|ExceptBport | |ExceptBport | port 


Input clamp current 
High-level output current AO port 
el port 
IOL Low-level output current. 
Ta Operating free-air temperature 125 


NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


SN54FB2041 
PARAMETER TEST CONDITIONS 
MIN TYPT MAX 


SN74FB2041 


oe Voc =4.5 V Ee 


Except B port 


[is=0ma [a8 


IOH =—-1mMA 
AO port Voc =4.5V 
IOH = -3 mA 


lIOL = 80 mA ; 
gy Pou =80ma | 6 
ae 


Except B port Voc = 5.5 V, 

Except B port Voc = 5.5 V, a 

— B port VI 
Voc = 5.5 V 


=5.5V 


=2.7V 
=0.5V- 
= 0.75 V 


iol =20mA cre 
AO port Voc = 4.5 V 
iol =24mA 


Voo=0t055V,  Vo=2IV ki 
of eee ee z a 
voo=55V,Vo=05V a 
Al port to B port 
Voc = 5.5 ” 
B port to AO port 


Al port 
Vi = Voc or GND 


/Control inputs | /Control inputs | 


ee Vo= Veg or GND 


= Voc = 0to 4.5 V 
Cio B port per P1194.0 
Voc = 4.5 V to 5.5 V 


Tt All typical values are at Vcc = 5 V, Ta = 25°C. 
+ For I/O ports, the parameters |)}4 and {),_ include the off-state output current. 
§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 





live-insertion specifications over recommended operating free-air temperature range 


loc (BIAS Vcc) Voc = 0 to 4.5 V Vp =0to2V, 
Voc=45Vto55V Voc=45Vto55V V) (BIAS Vcc) = 4.5 V to 5.5 V 


V{ (BIAS Vcc) = 4.5 V to 5.5 V 
Vp=1V, 


[Vo [Spor [Voc =0. 


Voc =0, 

V\ (BIAS Vcc) = 4.5 V to 5.5 V 
B port Voc = 0to 5.5 V, 

Vcc = 0 to 2.2 V, 


OEB = 0 to 0.8 V 
OEB=0to5V 








PRODUCT PREVIEW information concerns products in the formative or 

design phase of development Characteristic data and other 

; eC fications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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switching characteristics over recommended ranges of supply voltage and operating eo 
temperature (unless otherwise noted) (see Figure 1) 


Voc =5V, 
FROM To oe ee SN54FB2041 | SN74FB2041 
PARAMETER (INPUT) (OUTPUT) AS 
TYP MAK| WN MAK] WN MAX] 


a) 2.7 mA ns | 
a 2.7 7) ee ee: ca | 


7 ae SR) 
a: sol | 2279) 
sae as Cl ZI 

| ; : 258s 

















183351 
tPZL ao. W734 47 
t 1.9 3.3 5 1.3 5.3 
tPLZ = — eee f 


Skew for any single 
Skew between drivers 
| Rise time, 1.3 V to 1.8 V_ | 240 35 46 a) 
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PARAMETER MEASUREMENT INFORMATION 





2.1V 
7V 16.5 Q 
From Output St From Output Test 
Under Test bbe © Open Under Test Point tPLH/tPHL 





tpLz/tpZL 





t It 
C. = 50 pF 30 pF — LUPH2'? ZH 
(see Note A) | (see Note A) | 
LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS 


Rit a 3V 
Input 
(see Note B) 1.5V 1.5 V si 


| 
| 
tpHL —¢——_ | 
| <—>— tPLH 


1.55 V | 1.55 V 
Output 
——— VoL 








Output 
Control © 
- VOLTAGE WAVEFORMS (see Note B) 
PROPAGATION DELAY TIMES (A to B) 
- tPLz — \¢— 
nut. f= 2V : 
1.55V 1.55V Output 
| | (see Note C) | 
tPHL —¢-—__¥ 
| ea tPLH tpzH >i | 
| | | VOH Output 
Output 1.5V 1.5 V (see Note C) 
SS NOL : 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 


PROPAGATION DELAY TIMES (B to A) 


NOTES: A. CO, includes probe and jig capacitance. 


ENABLE AND DISABLE TIMES (A port) 


B. Allinput pulses are supplied by generators having the following characteristics: TTL inputs - PRR < 10 MHz, Zo = 50 Q, tp<2.5ns, 


tf < 2.5 ns. BTL inputs — PRR < 10 MHz, Zo = 50 Q, tp < 2.5 ns, tp< 2.5 ns. 


Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
D 


. The outputs are measured one at a time with one transition per measurement. 


Figure 1. Load Circuits and Voltage Waveforms 
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@ Translates Between GTL Logic Levels and SN54GTL16612... WD PACKAGE 
(TOP VIEW) 


@ Members of the Texas Instruments 
Widebus™ Family 


© Support Mixed-Mode Signal Operation on 
A Port 


® Universal Bus Transceiver (UBT™) 
Combines D-Type Latches and D-Type 
Flip-Flops With Qualified Storage Enable 


® Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors on A Port 


@ Flow-Through Architecture Optimizes 
Printed-Circuit-Board Layout 


® Package Options Include Plastic Shrink 
Small-Outline (DL), Thin Shrink 
Small-Outline (DGG), and Ceramic Flat 
(WD) Packages 


description 


These 18-bit bus transceivers combine D-type 
latches and D-type flip-flops to allow data flow in 
transparent, latched, and clocked modes. 


The B port operates at GTL levels while the A port 
and control pins are compatible with LVTTL or 
5-V TTL logic levels. 


Data flow in each direction is controlled by 
output-enable (OEAB and OEBA), latch-enable 
(LEAB and LEBA), and clock (CLKAB and 
CLKBA) inputs. The clock or latch-enable can be 
controlled by the clock-enable (CEAB and CEBA) 
inputs. For A-to-B data flow, the devices operate 
in the transparent mode when LEAB is high. When LEAB is low, the A data is latched if CEAB is low and CLKAB 
is held at a high or low logic level. If LEAB is low, the A-bus data is stored in the latch/flip-flop on the low-to-high 
transition of CLKAB if CEAB is also low. OEAB is active low. When OEAB is low, the outputs are active. When 
OEAB is high, the outputs are in the high-impedance state. Data flow for B to A is similar to that for A to B but 
uses OEBA, LEBA, CLKBA, and CEBA. 


To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 




















The SN54GTL16612 is characterized for operation over the full military temperature range of —55°C 
to 125°C. The SN74GTL16612 is characterized for operation from —40°C to 85°C. 


Widebus and UBT are trademarks of Texas Instruments Incorporated. 
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ia INPUTS | | OUTPUT 
CEAB OEAB LEAB CLKAB 


FUNCTION TABLET 


















Latched storage of A data 






S| tans 
£2 Clocked storage of A data 


X X Clock inhibit 

T A-to-B data flow is shown: B-to-A data flow is similar but uses OEBA, LEBA, CLKBA, and 
CEBA. 

+ Output level before the indicated steady-state input conditions were established, provided 
that CLKAB was high before LEAB went low. 


§ Output level before the indicated steady-state input conditions were established. 


A 
X 
X t 
x § 
L 

H 

L 

7 | 


B 
Zz 
Bo 
Bo 
L 
H 
L 
H 





logic diagram (positive logic) 


1 





OEAB A> 
CEAB —~° 2 | 
55 
CLKAB Be. 
2 
LEAB SS 
LEBA ee 
CLKBA 2 pe. 
CEBA = > 
OEBA cl a> 
ee ee ee ; : | 54 
ro = 2 Bt 
fea a 
| ea i Hp eu | 
1D | 
<< os) a 
To 17 Other Channels 
INSTRUMENTS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage. range, Vee: 3.3 Vi 220kcs ce ec eaeie eh ee saan eae eae less -0.5 V to 4.6 V 
OM: . trecacuasenctier eee cane ete eae eae en eeen -0.5Vto7V 
Input voltage range, V; (see Note 1): Aport ..... 0... eee eee ere eens -0.5Vto7V 
BI DONG ued cena tiewad ote cee Ooew ates —0.5 V to 4.6 V 

Voltage range applied to any output in the high or 
power-off state, Vo (see Note 1): Aport ........ ccc cece cece eee e eee e eee eeee -0.5Vto7V 
BDO: 2:5) cweedevekbeced Jewin aie te cae sae ce -0.5V to 4.6 V 
Current into any A-port output in the low state, IE 21... eee cee eee eee ee eens 128 mA 
Current into any B-port output in the low state, IO 22... eee eee cere ence eee eee enee 80 mA 
Current into any A-port output in the high state, Io (see Note 2) 1... ee ee eee eee eee 64 mA 
Input Clamp current ic (Vi): -sovccti tnd eaarius pect taeve teenage etsad Sasa Meteo Ne ees —50 mA 
Output-clamp:currentulon (Vio <0) siet cite oetownea ech ed cer basi ecedeueedorsaaas —50 mA 
Maximum power dissipation at Ta = 55°C (in still air) (See Note 3): DGG package .................... 1W 
DL Package i.ctc.sen save usdad 1.4W 
Operating free-air temperature range, Ta: SN54GTL1I6612 .... ee ee eee —55°C to 125°C 
SNTAGILIGGI2 -codacePeewnccwecua Stacks teat -40°C to 85°C 
SlOrage: TEMPErAlUre TANGE ixinink o cedew ahd enacts oes NW aswhG SONS 8 SE SURES Ee eS —65°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vo > Vcc. 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 


recommended operating conditions (see Note 4) 


SN54GTL16612 SN74GTL16612 
[WIN NOM MAX | MIN NOM MAX |. 
: Supply voltage, 3.3 V 3.15 — 3.3 3.45 3.15 3.3 3.45 ’ 
Supply voltage, 5 V . 4.75 5 5.25 4.75 5 5.25 
VAEF Supply votage Be Oe 


Voc @3¥) 
| Input voltage V 
Except B port | 5.5 


V 
VREF +50 mV VREF +50 mV 

Viq. High-level input voltage /— saa = | oy 
Except pon 
[Spor Vagr 60 mV 

VIL V 

Except por eee el! 

liK Input clamp current —18 mA 

iOH__Hiohleve output curent [A pon 

OL 


j . A port 
Low-level output current 
B port 


TA Operating free-air temperature -55 125 -40 85 eee | 


NOTE 4: Unused or floating control inputs must be held high or low.  . 


















e 
QO 














LID : : 
| 
hI 
oO, 
3 
> 













Low-level input voltage 
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electrical characteristics over recommended opera free-air temperature range, Vref = 0.8 V 
Sabla otherwise noted) 


SN54GTL16612 _ SN74GTL16612 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPT MAX] MIN TYPT MAX 
ve 8 Sole 3.15 V, - _ : 
a MIN to MAX, lOH = —100 pA Voc — 0.2 Voc - 0.2 
Apot — |Vqg@3v)=3.15V,  [lOH=-8mA v 
veceW=arv.  figye=sema [2 
in=100wA | SSCtSC«t 
Apt {YCC@3V)=3.15v, — [loi = 16mA a ees | 
Voc (6 V) = 4.75 V a 
ve a 


Hol =64mA 
cantar 3.15 V, 
Control £, 


Vis55V a 
eee Wee 

A port Voc (6 V) = 5.25 V Vi= Voc ‘. 1 1| wa 
&—30 -30 









P80 | 

Boot | Voc (33V)=345Vv, [Viz Voc 8.3) a) ee) 

: Voc O™) = 525 & cate eet eel 
ete Veo = 0, | Vior Vo = 0104.5 V ge 
Voc (3.3V)=3.15V, [Viz 0.8V & | 
a Voc (6 V) = 4.75 V We2V - 75 ee eee 


[pet Woo @sn-sasv,  [Vorsv ee 

Bpor|Voo@Wesz5v  vossav | OT 

on Pat _Woowsy-sasv,  [vonosv Pf 

ee a | Sa 
Vcc (8.3 V) = 3.45 V, 


Icoc (3.3 V) | AorB port - 
Voc (6 V) = 5.25 V, 


re V 





Vcc (3.3 V) = 3.45 V, 
Vac (5 V) = 5.25 V, 
lo =0, 

Vi = Voc (8.3 V) or GND 












lo =0, 


. Vcc (3.3 V) = 3.45 V, Voc (6 V) = 5.25 V, 
Alcc$§ A or control inputs at Vcc (3.3 V) or GND, 
One input at 2.7 V 
inputs 
oe 3:15 Vor0 a 
Per IEEE Standard 11490-1001 SIE } SISEE 


T All typical values are at Voc (3.3 V) = 3.3 V, Vcc (5 V) = 5 V, Ta = 25°C. 
+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, Vref = 0.8 V (unless otherwise noted) 


SN54GTL16612 SN74GTL16612 


cock Cock Frequency [os fos | eT 












[EAB or LEBA high 
tw Pulse duration 
CLKAB or CLKBARighoriow | 86 -+| 86 
A before CLKABI a 
B before CLKBAT 34 dy 





tsu Setup time 













oa. 
| A after LEABL ae ea Ya 
th Hold time 

B after LEBAL 
CEAB after CLKABT 
GEBA after CLKBAT 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Vref = 0.8 V (see Figure 1) 


Se GaerER FROM TO | SN54GTL16612 SN74GTL16612 ~— 
| (INPUT) (OUTPUT) MIN TYPT MAX{ MIN TYPT MAX 
lege 95 


: 126 38| 1 26 38 
tPHL 1 2.2 4 1 2.2 4 


t 18 36 541 18 36 54 
PL LEAB 
tPHL 1.5 3.3 5.5 1.5 3.3 5.5 













tPLH 18 37 53/ 18 37 53 
CLKAB - 
15 s 15 33 55 








1.6 3.3 4.7 
1.3 3.2 5.5 
rs eee oe 
2 4.8 6.9 
1.4 





T All typical values are at Vcc (3.3 V) = 3.3 V, Voc (5 V) = 5 V, Ta = 25°C. 
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PARAMETER MEASUREMENT INFORMATION 


From Output 
Under Test 
C_ = 50 pF 

(see Note A) 






500 Q 


LOAD CIRCUIT FOR A OUTPUTS 





7 tw ——> 
| | ee 
Input VmvV Vm V 


OV 


VOLTAGE WAVEFORMS 
PULSE DURATION 
(Vm = 1.5 V for A port and 0.8 V for B port) 


Input 
(see Note B) 


: | 
tPLH +— : ‘ : 


! tPHL 


| ir ——— VOH 
Output | 0.8V 0.8 V 
VOL 


VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
(A port to B port) 


1.5V 1.5V 


OV 


Input 
(see Note B) 0.8V 


| ‘ ») . | | 
| | a NOW 
Output 1.5V 1.5V 
: VOL 
VOLTAGE WAVEFORMS 


PROPAGATION DELAY TIMES 
(B port to A port) 


NOTES: A. Cy includes probe and jig capacitance. 


Oo OD: 





(see Note C) 


1.2V 
25Q 
tpLH/tpHL From Output Test 
tpLz/tpzL Under Test Point 
tPHZ/tPZH CL = 30 pF 
(see Note A) TT 
LOAD CIRCUIT FOR B OUTPUTS 
3V 
Timing Vm V 
Input | 0 V 
| | | 
| Tg th ‘ 
Data | | a 
a 
Input Vm V Vm V ; : 
VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 


(Vm = 1.5 V for A port and 0.8 V for B port) 


Output 
Control 
(see Note B) 


Output 
Waveform 1 
Si at6V 
(see Note C) 


Output 
Waveform 2 





VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
(A port) — 


. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, ty < 2.5 ns, tfs 2. 5 ns. 

. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

. The outputs are measured one at a time with one transition per measurement. 


Figure 1. Load Circuits and Voltage Waveforms 
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@ Translates Between GTL Signal Levels and SN54GTL16616... WD PACKAGE 
LVTTL or 5-V TTL Signal Levels SN74GTL16616... DGG OR DL PACKAGE 
(TOP VIEW) 


® Members of the Texas Instruments 
Widebus™ Family 


@ Supports Mixed-Mode Signal Operation on 
A Port 


® Universal Bus Transceiver (UBT™) 
Combines D-Type Latches and D-Type 
Flip-Flops With Qualified Storage Enable 


® Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors on A Port 


@ Flow-Through Architecture Optimizes 
PCB Layout 


@ Package Options Include Plastic Shrink 
Small-Outline (DL), Thin Shrink 
_Small-Outline (DGG), and Ceramic Flat 
(WD) Packages 


description 


These 17-bit registered bus transceivers combine 
D-type latches and D-type flip-flops to allow data 
flow in transparent, latched, and clocked modes. 
The ’GTL16616 provides for a copy of CLKAB at 
GTL logic levels (CLKOUT) and also provides a 
conversion of the GTL clock to a TTL environment 
(CLKIN). 


The B port operates at GTL levels while the A port 
and control pins are compatible with LVCMOS, 
LVTTL, or 5-V TTL logic levels. 


Data flow in each direction is controlled by 
output-enable (OEAB and OEBA), latch-enable 
(LEAB and LEBA), and clock (CLKAB and 
CLKBA) inputs. The clock or latch-enable can be controlled by the clock-enable (CEAB and CEBA) inputs. For 
A-to-B data flow, the device operates in the transparent mode when LEAB is high. When LEAB is low, the A data 
is latched if CEAB is low and CLKAB is held at a high or low logic level. lf LEAB is low, the A-bus data is stored 
in the latch/flip-flop on the low-to-high transition of CLKAB if CEAB is also low. OEAB is active low. When OEAB 
is low, the outputs are active. When OEAB is high, the outputs are in the high-impedance state. Data flow for 
B to A is similar to that of A to B but uses OEBA, LEBA, CLKBA, and CEBA. 


To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 


The SN74GTL16616 is available in Tl’s shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 


The SN54GTL16616 is characterized for operation over the full military temperature range of —55°C 
to 125°C. The SN74GTL16616 is characterized for operation from —40°C to 85°C. 
































f 
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FUNCTION TABLET 
OUTPUT 
XS | 4 
Bot Latched storage of A data 
L 


Transparent 


Clocked storage of A data 


B 
H 
L 
H 


X Bo§ Clock inhibit 


tT A-to-B data flow is shown: B-to-A data flow is similar but uses OEBA, LEBA, CLKBA, and 





CEBA. 

t Output level before the indicated steady-state input conditions were established, provided 
that CLKAB was high before LEAB went low. 

§ Output level before the indicated steady-state input conditions were established. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Vo: 3.3 V ww... eee ect wet eee eee e center eneees ... -0.5Vto4.6V 
OV) > pega set aeeeae ee Sse ta ru tiase dete aetna ene aaa mle ee -O0.5Vto7V 
Input voltage range, V; (see Note 1): Aport .............. ee eee ee aware aeute maaan -0.5Vto7V 
BOONE: acer antares ware be oe au oe eee nes -—0.5 V to 4.6 V 

Voltage range applied to any output in the high or | 
power-off state, Vo (see Note 1): A port ............ cece eee eee eee eee -0.5Vto7V 
BOG ta ee at eat ety ee cee tees —0.5 V to 4.6 V 
Current into any A-port output in the low state, 1E—E 2... cece cece eee eee eee e eee e eens 128 mA 
Current into any B-port output in the low state, IE «0... eee treet eee 80 mA 
Current into any A-port output in the high state, Io (see Note 2) .... 6. eee ee eee ee eee eee ~—64mA 
Inpurclamp current, ig (Vie): cular ecco seach een deesagee oneteedtou ned mrmeesranses s —50 mA 
Output-clamp current, loi (VG < 0) cose nitae dct nhuethe x eiveweestonaswwd el didoaes arasuns -50 mA 
Maximum power dissipation at Ta = 55°C (in still air) (see Note 3): DGG package .................48.. 1W 
| | DL package ............. eee eees 1.4W 
Storage temperature range ........... cece eee Bapece peated a rae oe ene aes -—65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. ; 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current will flow only when the output is in the high state andVO>Vcc. 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For moreinformation, refer to the Package Thermal Considerations application note inthe 1994 ABT Advanced BICMOS Technology 
Data Book, literature number SCBD002B. 


recommended operating conditions (see Note 4) 


SN54GTL16616 SN74GTL16616 
in __Nom wax} wi _NOM MAX ee 


Supply voltage, 3.3 V 3.15 3.45 3.15 3.45 » 
Supply voltage, 5 V 4.75 5.25 4.75 5.25 
VREF Supply voltage ee ee ee oc 


Veo @8V 
Input voltage oo" 
Except B port 


Bport | VREF+50mV_ : “REF +50 mV 


— B port 


m input clamp current pf 
High-level output current [ta as Seen ss 
a Ny SO 
ee a 
Sareea oe os a coe ae 


Sor 4: Unused or floating control inputs must be held high or low. 
















“Re 
oO 








High-level input voltage 


VIL Boweve input voltage 


— B port 
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electrical characteristics over recommended operating free-air i aa range, Vrer = 0.8 V 
(unless otherwise noted) 


SN54GTL16616 SN74GTL16616 
PARAMETER TEST CONDITIONS UNIT 
MIN. TYPT MAX| MIN TYPT a | 
Ce Vc 3.15 V, __ 
vk (fg (5 V) = 4.75 V iam 


Vcc = MIN to MAX, IOH = —100 pA Voc - 0.2 a. Vcc-0.2 2 
A port 


















Voc 8.3 V)=3.15V, — [loH=-8 mA Aes i eee 
vooV=475V  [ign=-s2mA—| 2 dT 
loL = 100 pA ee) 

: i Nett ond aiaresinind eeondamanicntl 

A port Voc (3.3 V) = 3.15 V, OL 





Voo(SV)=475V [igp = ama 
ae 


Voc (3.3 V) = 3.15 V, 
Voc (6 V) = 4.75 V eras 
Control 
+ 

TEED a: ee 

Vo nae > a! APR! SENET 
Pon Voc (6 V) = 5.25 V 7 ~o8 
Vso 0, __=s0 


B port I Voc ( (3.3 V) = 3.45 V, Vi = Vcc (8.3 V) Pan a 
: Voc (5V)=5.25V =‘ Tvjco 
eo Voc = 9, Vj or Vo = 0 to 4.5 V 
Voc (3.3V)=3.15V, [Vi=0.8V 
any avon |yoeiesn arao Vi=2V : 
A Port Voc 3.3V)=345V, [Vo=3V RS 1 
loon ABO Vec 63 ¥) - | 
pat - cet voni2) ae eee IO ee el 
ca FAB Ivoo@avi-aasu [voreav PP 
a Ta ES 
Guputeligh i <a je 
oo «Outputstow 


"1 : 3 
WooeM=525% — ouputstow | OO 
Vi= Voc (6 V) or GND a=} —_— 
Aloc§ A or control inputs at Voc (3.3 V) or GND, 
One input at 2.7 V 
Cg Sk Cor <1 eR SARIN ee SRE." 
[Boot |PerlEEE 11940-1991 


T All typical values are at Vcc (3.3 V) = 3.3 v Voc (5 V) = 5 V, Ta = 25°C. 
+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Voc or GND. 















ae 






















Voc (3.3 V) = 3.45 V, 


















PRODUCT PREVIEW information concerns products in the formative or 
phase of development. Characteristic data and other 


pelicans wegen got, fxs nua eseve tet Ws TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 6-87 


SN54GTL16616, SN74GTL16616 
17-BIT GTL/LVT UNIVERSAL BUS TRANSCEIVERS 
WITH BUFFERED CLOCK OUTPUTS 


SCBS481A— JUNE 1994 — REVISED AUGUST 1994 


timing requirements over recommended ranges of supply voltage and operating free-air 
‘temperature, Vref = 0.8 V (unless otherwise noted) 


S-Ni aS ao TR 
eee 
oe 
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th Hold time 
COT 7 Sa eR Hik aaae SN 
CEABaterCLKABT «|= O8 S| 
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switching characteristics over recommended ranges of supply voltage and operating free-air 


SN74GTL16616 
UNIT 


temperature, Vref = 0.8 V (see Figure 1) 


MIN TYPT MAX] MIN TYPT MAX 


5 
6 
7.4 10.4 
ei , & 11 3.1 5 
46] 13 33 46 
63| 1.7 441 #63 


1.4 3.6 5.3 5.3 


10.5 1431 65 105 143 
CLKOUT CLKIN 
11.8] 5.1 11.8 
1.8 47 6.9 1.8 47 6.9 
tdis 4.7 6.7 47 6.7 


T All typical values are at Vcc (3.3 V) = 3.3 V, Voc (5 V) = 5 V, Ta = 25°C. 
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PARAMETER MEASUREMENT INFORMATION 









a 6V . 
From Output 
Under Test 
(see Note A) 
| LOAD CIRCUIT FOR A OUTPUTS 
. tw ———> 
| ~\ 3 
input VmvV Vm V 
OV 
VOLTAGE WAVEFORMS 
PULSE DURATION 
(Vm = 1.5 V for A port and 0.8 V for B port) 
Input os FJ ON oy 
(see Note B) 1.5V 1.5V 


S" 7 7 
tPLH ae + ea 


| 
| ——— VoH 
Output 0.8V 0.8V 
—= VOL 


VOLTAGE WAVEFORMS 


PROPAGATION DELAY TIMES 
(A port to B port) 
Input =—hwZ—(—~*é‘é‘OCX#;~C;!OOO!!C! 1.2V 
(see Note B) 0.8 V | 0.8 V on 
tPLH —+——9 
| a ars tPHL 


. | : =o VO 
Output 1.5V 1.5V 
VOL 


VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
(B port to A port) 


NOTES: A. Cy includes probe and jig capacitance. 


Oo OW 





1.2V 
25 
tpLH/tpHL From Output Test 
tpLz/tpz. Under Test Point 
tPHz/tpZH CL = 30 pF 
(see Note A) 
LOAD CIRCUIT FOR B OUTPUTS 
3V 
Timing Vm V 
Input 
e OV 


VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
(Vm = 1.5 V for A port and 0.8 V for B port) 





Output 

Control 
(see Note B) 

Output 
Waveform 1 

Siat6V 
(see Note C) 

Output | | — —— VOH 
Waveform 2  fisv  Xyornas Vv 
(see Note C) : 

=0V 
VOLTAGE WAVEFORMS ~ 
aus AND DISABLE TIMES 
(A port) 


. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t- < 2.5 ns, t¢< 2.5 ns. 

. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

. The outputs are measured one at a time with one transition per measurement. 


Figure 1. Load Circuits and Voltage Waveforms 
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IMPORTANT NOTICE 


Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any 
semiconductor product or service without notice, and advises its customers to obtain the latest version 
of relevant information to verify, before placing orders, that the information being relied on is current. 


TI warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with TI’s standard warranty. Testing and other quality control 
techniques are utilized to the extent T| deems necessary to support this warranty. Specific testing of. 
all parameters of each device is not necessarily performed, except those mandated by government 
requirements. | 


Certain applications using semiconductor products may involve potential risks of death, personal injury, 
or severe property or environmental damage (“Critical Applications”). 


Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR 
SYSTEMS OR OTHER CRITICAL APPLICATIONS. 


Inclusion of T! products in such applications is understood to be fully at the risk of the customer. Use 
of Tl products in such applications requires the written approval of an appropriate TI officer. Questions 
concerning potential risk applications should be directed to TI through a local SC sales office. 


In order to minimize risks associated with the customer’s applications, adequate design and operating 
safeguards should be provided by the customer to minimize inherent or procedural hazards. 


Tl assumes no liability for applications assistance, customer product design, software performance, or 
infringement of patents or services described herein. Nor does TI warrant or represent that any license, 
either express or implied, is granted under any patent right, copyright, mask work right, or other 
intellectual property right of Tl covering or relating to any combination, machine, or process in which 
such semiconductor products or services might be or are used. 


Copyright © 1995, Texas Instruments Incorporated 
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Introduction 


This application report provides information on the operation and use of the Texas Instruments TNETS2020A and 
TNETS2021A advanced STS-1/DS-3 receiver/transmitter devices. These devices provide a single-chip solution for 
interfacing DS-3 or STS-1 signals to DSX or STX cross-connect frames. This report is intended to supplement existing 
information and serve as a reference in the design and integration of systems utilizing these products. Additional 
assistance is available through sources listed under references at the end of this report. 


The TNETS2020A and TNETS2021A are members of a line of products that provide broadband solutions for both local- 
and wide-area networks. Each device can be operated from a single 5-V power supply to provide the functions necessary 
to interface DS-3 (44.736 Mbit/s) or STS-1 (51.840 Mbit/s) signals to DSX or STX cross-connect frames. Each device 
can receive and transmit data simultaneously. 


During receive operations (receiving DS-3/STS-1 data), each device provides automatic-gain control (AGC) and 
adaptive equalization to recover a pulse transmitted over coaxial cable up to 450 feet in length. Depending on the setup, 
the DS-3/STS-1 input signal is decoded (from B3ZS ) and converted to a CMOS signal of nonreturn-to-zero (NRZ) or 
P-data and N-data formats (a high in the P data represents a bipolar + 1, and a high in the N data represents a bipolar — 1). 
An on-chip phase-locked loop (PLL) is utilized in the clock-recovery circuit to obtain a CMOS-level clock from the 
incoming data stream. | 


For transmit operations (transmitting DS-3/STS-1 data), each device can accept CMOS-level inputs in NRZ data or 
P- and N-data formats. Prior to input into the TNETS2020A or TNETS2021A, P and N data are encoded to meet B3ZS 
line-code requirements for DS-3 or STS-1 signals. B3ZS encoding can be performed in the TNETS2020A and 
TNETS2021A if NRZ data is used as the input. Before transmission, signals are processed to meet pulse-mask 
requirements for DS-3 or STS-1 communications. On-chip line drivers allow direct interface with a 75-Q coaxial output 
cable (AT&T 728A/734A or equivalent). 


The TNETS2020A and TNETS2021A provide all functions required to interface to DS-3 or STS-1 communication 
channels. The TNETS2021A has all the terminals and features of the TNETS2020A, as well as additional capabilities 
for monitoring, testing, and configuring the device. Details on the additional features of the TNETS2021A are provided 
in this report. 


Both devices are available in cost-effective plastic packages. Due to its increased capabilities, the TNETS2021A comes 
in a 68-terminal plastic leaded chip carrier; the TNETS2020A is available in a 44-terminal plastic leaded chip carrier 
(see Figure 1). 
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1 44 43 42 41 40 
i 39 L] AGND 


™ U8 38 L] DOUT 
TP/TD {J 9 37 L} AVcc 
Voc LJ 10 36 L] AGND 
GND {J 11 35 L] TPLLC 
GND [J 12 TNETS2020A 34} AVoc 
CLKO |} 13 33 L] AGND 
CLKO {J 14 32 |] DI2 
RN {j 15 31 {| DI1 
RP/RD [] 16 30} AVcc 























= an es ee ee ee ee ee 
sees aeseass 
Tjau “<< aa < 
Cc \9 co 
| —— co 
NC — No internal connection 
FN PACKAGE 
(TOP VIEW) 
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NC {] 10 DS oe git 60. | DO1 
NC TH] 11 59 | AGND 
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NCH} 13 57] AGND 
CLKI}] 14 56] DOUT 
TN] 15 S8L} AVcc 
TP/TD [J 16 S4L] AVcc 
Voc LU 17 5a{] AGND 
GND [] 18 TNETS2021A 5a. 1TPLLC 
GND fj 19 51L] AVoc 
CLKO [] 20 50, } AGND 
CLKO [} 21 49} Di2 
RN I] 22 48 pit 
RP/RD [] 23 47] AVcc 
NC || 24 46,1 NC 
RXDIS [J 25 45, ] NC 
Vecl oF Bea _ 4477 AGND 
OR 6 aR BE © 
SSB RSS Bee 898268 8 
Clg wea ul N < <tpaAqa wue 
e co 


NC — No internal connection 


Figure 1. TNETS2020A/TNETS2021A Terminal Layouts 


Application Information 


The TNETS2020A and TNETS2021A devices can be used in a variety of applications. The following paragraphs 
provide insight into the operation and application of the devices with answers to commonly asked questions. 


Power Connections 


Terminal layouts of the TNETS2020A and TNETS2021A identify separate analog and digital power connections. To 
provide common references, the analog and digital power connections are tied together on the chip with a single, thin, 
metal via. This via connects the analog and digital power signals. The nature of the thin connection provides some degree 
of noise immunity between the power signals. For example, eddy currents are reduced with this layout technique and 
on-chip noise is reduced due to lower chip inductance. 


The TNETS2020A and TNETS2021A function properly with a single power supply. In this case, it is recommended 
that nodes for analog and digital power be split as far from the TNETS2020A/TNETS2021A as possible to provide 
independent traces to the chip. This ensures optimal noise immunity for the device. To reduce high-frequency noise, 
decoupling measures should be taken. It is also recommended that each node be decoupled through a series ferrite-bead 
inductor (e.g., FairRite part no. 2743002111) and a single 10-uF (6.3-V) capacitor connected to that node’s ground 
(GND or AGND). The ferrite bead serves as a series inductance to attenuate high-frequency noise induced on the power 
terminals and to prevent noise from passing to other nodes and devices. In addition to the 10-uF capacitor, it is 
recommended that each Vcc and AV¢c terminal be decoupled through a 0.01-uF capacitor placed as close to the power 
terminal as reasonably possible. Figure 2 shows the recommended power connections for the TNETS2020A and 
TNETS2021A devices. 


To allow for reduced power requirements in receive-only or transmit-only applications, analog power connections for 
each mode of operation are provided through separate terminals. Figure 2 shows the separate power connections foreach 
device. To reduce power consumption in receive-only applications, terminals 5, 6, and 37 (TNETS2020A ) or terminals 
4,5, 54, and 55 (TNETS2021A) should be connected to analog ground (AGND). Tests performed on initial versions 
of the devices indicate that this action results in a power-supply current reduction of approximately 15 mA. Similarly, 
in transmit-only applications, terminals 25, 28, and 30 (TNETS2020A) or terminals 37, 43, and 47 (TNETS2021A) 
should be connected to AGND for a power-supply current reduction of approximately 70 mA. Initial tests, in both the 
transmit-only and receive-only modes, resulted in only a slight reduction (less than 0.01-UI peak-to-peak) in jitter in 
the enabled data path. 
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NOTE A: Thetransmit-PLL ferrite bead and 10-y.F capacitor (enclosed by dotted line) can be eliminated by connecting the transmit-PLL 
0.01-wF capacitor node to the transmitter-section node (if in a transmit-only mode), as shown by the dotted line, or by 
connecting the 0.01-wF capacitor to the receiver-section node (if in a receive-only or transmit and receive mode). 


Figure 2. TNETS2020A/TNETS2021A Recommended Power Connections 
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Data-Line External Components 


Due to the high frequencies involved, care should be taken when terminating data lines. The following paragraphs 
provide recommendations for these and other external (passive) components. 


Receive-Data Line 


During receive operations, DS-3 or STS-1 signals are provided across TNETS2020A/TNETS2021A terminals DI1 and 
DI2. The recommended procedure is to direct the signal through an external transformer (e.g., Micro-Circuits 
Laboratory MCL part T1-1). This transformer is not required if the input signal is ac coupled through a capacitor. With 
differential operation, a step-down transformer can be used to ensure that the maximum ac voltage level (1-V 
differential) is not exceeded. 


Whether or not a transformer is used, the transmission line carrying the DS-3 or STS-1 data must be properly terminated. 
The recommended method is to connect two equal-value resistors in series between DI1 and DI2 on the device side of 
the transformer or the ac-coupling capacitor. The resistance of each component should be one-half of the transmission 
line’s characteristic impedance (real part only). A 0.01-yF capacitor should be connected from analog ground (AGND) 
to the node between the two equal-value resistors. Figure 3 shows the recommended component values and connections 
for a 75-Q coaxial transmission-line input. If single-ended operation is desired, the input is connected to DI1 or DI2. 
In this case, the unused input is connected to analog ground through a capacitor. Figure 4 shows typical components used 
for signal-ended inputs with and without a transformer. 


The TNETS2020A/TNETS2021A outputs for the receive-data channel (RP/RD, RN, CLKO, CLKO) are CMOS-level 
signals and are handled accordingly. 







1:1 
TNETS2020A 
Line | | or 
Inputs 3 TNETS2021A 





0.01 pF 0.1 pF 
Di1 















TNETS2020A TNETS2020A 
Line | or 752 or 
Input - TNETS2021A TNETS2021A 
Di2 
0.1 uF x 0.1 pF T 
AGND AGND 
(a) INPUT WITH TRANSFORMER (b) INPUT WITHOUT TRANSFORMER 


Figure 4. TNETS2020A/TNETS2021A Single-Ended-Input Line Components 


Transmit-Data Line 

During transmit operations using the TNETS2020A or TNETS2021A, digital inputs are converted to DS-3 or STS-1 
formats for transmission on coaxial cable. The digital inputs are either NRZ or P and N data. The data (TP/ TD, TN) and 
the associated clock (CLKI) are provided at CMOS levels. 


The DSX line-side output (DOUT) carries signals of DS-3 or STS-1 format and is designed to drive a line transformer 
directly. DOUT is single ended and is connected to the line transformer. The other side of the transformer is connected 
to the analog ground (AGND) through a 0.1-F capacitor. A capacitor for ac coupling can be used in place of the line 
transformer when the signal satisfies the DS-3 or STS-1 requirements [see Figure 5 (a)]. 


The TNETS2021A device can provide rectangular pulses that represent level-translated versions of the P-/ N-data digital 

signals. These pulses are output across DO1 and DO2. It is recommended that DO1 be connected through a 36-Q resistor 
to one side of a line transformer and DO2 be connected through a separate 36-Q resistor to the other side of the line 
transformer [see Figure 5(b)]. 


DSX 
Output 


36 Q 







DO1 






DOUT 


TNETS2020A 
or 
TNETS2021A 





TNETS2021A 
Only 





T 0.1 pF 


AGND 


(a) RECOMMENDED DOUT OUTPUT CONNECTIONS (b) TYPICAL DO1/D02 OUTPUT CONNECTIONS 


Figure 5. TNETS2020A/TNETS2021A Output Line Components 


Phase-Locked Loop Capacitors 

External connections for additional control of the transmit and receive PLLs are provided in both the TNETS2020A and 
TNETS2021A. No external connections are required for the receive PLL control terminals (RPLLC1 and RPLLC2). 
A 0.01-uF calibration capacitor is required for the transmit PLL. This capacitor should be connected between TPLLC 
and AGND. 


Eye-Pattern Monitor Resistors 

The TNETS2021A provides terminals for monitoring the DS-3/STS-1 signals in the receive chain after they are 
equalized and gain controlled but before clock recovery and decoding. These eye-pattern monitor terminals (EYEP and 
EYEN) should be connected to AGND through a 1-kQ resistor. This resistor is necessary for monitoring purposes only, 
but not for device operation. If monitoring is not required, the EYEP and EYEN terminals are left open (no connection). 
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Data-Type Selection and Processing 


The TNETS2020A/TNETS2021A devices convert DS-3 or STS-1 data to/from NRZ or P and N data. A CMOS-level 
clock must be provided to the device at the REFCK terminal for the device to operate. Generally, REFCK should be 
supplied by the local oscillator on the board where the TNETS2020A/TNETS2021A is installed. The frequency of 
REFCK is 51.840 MHz for STS-1 applications and 44.736 MHz for DS-3 applications. The tolerance is +200 ppm 
(+20 ppm if a valid DS-3 AIS pattern is required). Figure 6 and Figure 7 are functional block diagrams of the devices. 


Line Side Terminal Side 


iced BIST 
Analyzer 
RPLLC1 RPLLC2 CV RAIS 


p 
DI Lede Clock |[N | 83ZS CLKO 
Di2 Le ps Recovery [c¢ . | Decoder RX 1/0 RP/RD 
Control RN 
| CLKO 
eee LOS 
DLOS Detector 


REFCK 





Loopback 


Controls 








DS-3 





AIS 
Generator 
TP/TD 
TX 1/0 TN 
B3ZS Control CLKI 
DOUT Output Control DE Encoder RZTXIN 


DSXDIS | ZERO 


TAIS TPLLC B3ZSDIS 





Figure 6. TNETS2020A Functional Block Diagram 
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Line Side | Terminal Side 
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DI1 : pichahs Clock |[N . | BazS GLKO 
pi2 q ree Recovery [c¢ | Decoder ‘Recsive RPIRD 
I/O Control RN 
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TRLBK 
TESTI Loopback 
Controls 
| LNLBK 
DS-3 
REFCK AlS 
Generator 
| | TP/TD 
, Transmit TN 
DOUT B3ZS /O Control CLKI 
DO2 
PRBS ees 


 TAIS TPLLC | B3ZSDIS 
Figure 7. TNETS2021A Functional Block Diagram 


Receive Path 


The data-reception operations of the TNETS2020A/TNETS2021A involve the conversion of DS-3 or STS-1 data to 
NRZ or P and N data. The following paragraphs describe the associated control and monitoring of these operations. 


Data Input 


For receive operations, the TNETS2020A and TNETS2021A accept either DS-3 or STS-1 signals across DI1 and DI2. 
No external control is required to select between the two signal formats (DS-3/STS-1 ). For optimum performance, a 
differential input across DI1 and DI2 should be used. A single-ended input can be used if noise immunity is less critical 
or if use of a line transformer is not feasible. In any case, the input must be ac coupled to the device and a stepdown 
transformer or resistive-attenuation circuit should be used to maintain a maximum differential input voltage below 1-V 
peak. 


Equalization/AGC 


The devices include automatic gain control (AGC) and adaptive equalization to recover DS-3 or STS-1 signals 
transmitted on coaxial cable up to 450 feet long. AT&T 728A / 734A (or equivalent) is the preferred coaxial cable for 
the DS-3/STS-1 interface. To use the device in applications where signals are attenuated beyond the standard pulse 
mask, the AGC circuit has a 29-dB dynamic range, which makes it capable of recovering signals from 35 mV to 1 V. 
The TNETS2021A provides eye-pattern monitoring terminals (EYEP and EYEN) to examine the respective 
noninverted and inverted equalized and gain-controlled signals. 
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Clock Recovery/LOS 


The TNETS2020A and TNETS2021A provide clock recovery and loss-of-signal (LOS) detection. The clock recovery 
utilizes a PLL to obtain a CMOS-level clock signal from the equalized and gain-controlled data stream. Each device 
also monitors the data stream and provides an output terminal to indicate when the data stream has a string of 175 +75 
consecutive zeroes. When this condition occurs, DLOS transitions to a low state. DLOS remains low until a pulse 
density (the number of logical ones in the data stream) exceeds 33% (nominal) for 175 +75 pulses. 


The TNETS2021A also provides an analog loss-of-signal terminal (ALOS). ALOS is specified low when the pulse 
density is below 28% for 175 +75 pulses and is cleared when the pulse density exceeds 33% for 175 +75 pulses. ALOS 
can toggle between active and inactive when the pulse density is between 28% and 33% for 175 +75 pulses. 





B3ZS Decoding 


The B3ZS decoding function is enabled when B3ZSDIS is high. When enabled, the incoming B3ZS data is decoded and 
B3ZS coding errors (TNETS2020A and TNETS2021A) and excessive zeroes (TNETS2021A only) are monitored. The 
coding-violation output (CV) goes high when incoming data violates B3ZS encoding requirements for excess zeroes 
or bipolar transitions. CV goes low when a valid data sequence is detected. The TNETS2021A also has an 
excessive-zeroes output (EXZ), which goes low when a string of at least three zeroes is encountered. This signal remains 
low until a one is detected. B3ZS decoder functions are disabled when B3ZSDIS is low. 


Receiver Output 


During normal TNETS2020A/TNETS2021A receive operations, two types of data can be output at CMOS levels on 
RP/RD and RN. If B3ZSDIS is high, decoded NRZ data is available on the RP/RD output and RN is held low. If 
B3ZSDIS is low, encoded P (positive pulse) and N (negative pulse) data are available on the RP/RD and RN outputs, 
respectively. The RP/RD terminal contains positive-rail data and the RN terminal contains negative-rail data. This latter 
condition is desirable when an external device (e.g., a framer) is used to perform the B3ZS decoding functions. In either 
mode, the recovered clock (CLKO) and its complement (CLKO) are available at the receiver output. The 
TNETS2021A has a receiver-output disable function. If RXDIS is low, RP/RD and RN are forced and held low. If 
RXDIS is high, receiver outputs are enabled and take on values as previously described. 


The TNETS2020A and TNETS2021A have receiver output controls for generating DS-3 alarm-indication signals (AIS) 
on the receiver output. If RAIS is low, the generation of DS-3 AIS (compliant with TR191) on the receiver output lines 
is enabled. If RAIS is high, normal receiver outputs are enabled. The AIS generation is valid only for DS-3 operations; 
therefore, input data must include the correct overhead for path sectionalizing if STS-1 operation is implemented. 








The TNETS2020A and TNETS2021A can operate in a terminal-side loopback mode where transmit-side inputs 
(TP/TD, TN, and CLK) are directly routed to the receiver outputs (RP/RD, RN, and CLKO). This loopback path is 
activated when TRLBK is low and is deactivated when TRLBK is high. The terminal-side loopback function can be 
operated independently of the line-side loopback function. Terminal-side loopback is not available when in a 
receive-AIS mode (the TRLBK terminal is disabled when RAIS is low). 








Transmit Path 


Data-transmission operations of the TNETS2020A and TNETS2021A involve the conversion of NRZ or P and N data 
to DS-3 or STS-1 data. The following paragraphs describe the associated control and monitoring of these operations. 


Data Input 


For transmit operations, the TNETS2020A and TNETS2021A can accept data in any of the following formats on the 
TP/ TD and TN terminals: 

~ Unencoded NRZ data 

— B3ZS-encoded NRZ data 

— B3ZS-encoded P and N data 


To accept unencoded NRZ data at the transmit input, B3ZSDIS and RZTXIN are both connected high. A high B3ZSDIS 
enables the B3ZS encoder and decoder and a high RZTXIN indicates that the input data is NRZ. Valid NRZ data is input 
into TP/TD. TN must be low. The data input clock is provided on CLKI. The receive-side B3ZS decoder and the 
transmit-side B3ZS encoder are enabled and disabled by the same terminal (B3ZSDIS ). Consequently, the device cannot 
simultaneously encode transmit data without decoding receive data and vice versa. 
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| To input B3ZS-encoded NRZ data, B3ZSDIS is low (to disable the encoder ) and RZTXIN is high (to indicate that NRZ 
data is being used). In this mode, positive data is processed on the TP/TD input and negative data is processed on the 
TN input. CLK] is the input clock signal. 


To input B3ZS-encoded P and N data (RZ data), RZTXIN is low. This indicates that RZ data is present at the 
transmit-side input. TP/TD contains positive data and TN contains negative data. Because B3ZS encoding is not 
performed on RZ data (P and N data), B3ZSDIS must always be low when RZTXIN is low. CLK is ignored in this mode 
and is held low. Controls for the various transmit data formats are summarized as follows: 


[INPUT FORMAT | BSZSOIS | RZTXIN 






B3ZS Encoding 


When unencoded NRZ data is input into the transmit-side input, B3ZS encoding (compliant with ANSI TI. 102A) can 
be performed on the device. This mode is enabled when B3ZSDIS and RZTXIN are high. 


Transmitter Output 


During normal TNETS2020A and TNETS2021A transmit operations, data is provided (single ended) on DOUT. The 
output-control circuitry transforms the B3ZS-encoded signal into pulses that meet the templates required for DS-3 and 
STS-1 lines. An internal line driver allows the devices to directly drive a coaxial-output cable or line transformer. DOUT 
is disabled (low) when DSXDIS i is low. 


The TNETS2021A has additional outputs, DO1 and DO2, that are rectangular pulses representing B3ZS encoded P- and 
N-data without the effects of DS-3/STS-1 pulse shaping. These outputs are enabled when DSXDIS is low. DO1 is a 
positive-pulse output and DO2 is a negative-pulse output. - 


If DOUT is to be transmitted on a short cable (less than 50 feet), the DOUT pulse shape is improved by asserting ZERO 
(connect the ZERO terminal low). This effectively negates some of the pulse shaping performed for transmission on 
long (up to 450 feet) coaxial cables. 


As mentioned previously, TPLLC is provided for tuning the internal transmit PLL filter. It is recommended that a 
0.01-jF capacitor be connected between this terminal and AGND. 


The TNETS2020A and TNETS2021A provide an input (TAIS) to enable the generation of a DS-3 AIS. When TAIS 
is low, AIS format signals are generated and available on the transmitter output (when TAIS is low, the AIS signal is — 
transmitted on DOUT if DSXDIS is high). As only DS-3 format AIS is generated, inputs must include the correct 
overhead for path sectionalization when utilizing STS-1 operation. 


The TNETS2020A and TNETS2021A can be operated in a line-side loopback mode. In this mode, receive-side 
DS-3/STS-1 inputs (DI1 and DI2) are routed through the receive channel and fed back (on the device) to the 
transmit-channel input function (where normal transmit-channel processing begins). In this mode, the data is ultimately 
made available at the transmit output (DOUT), if enabled, or DO1 and DO2 (TNETS2021A only ). This loopback mode 
is enabled when LNLBK is low and can be operated independently of the terminal-side loopback function (controlled 
by TRLBK). 





Testability 


The TNETS2020A and TNETS2021A have a 15-bit pseudorandom bit-sequence (PRBS) generator and analyzer and 
a built-in self-test (BIST) output that is high if a proper 2!5-bit pattern is detected near the receive-channel output. Only 
the TNETS2021A provides external control of the PRBS generator. The built-in self-test function of the TNETS2020A 
can only be used if a valid PRBS is externally input into the device and routed by the normal receive-channel controls 
to the receive output. In general, the TNETS2020A self-test function 1 is used only asa manufacturing test (e.g., to screen 
the die). 


In the TNETS2021A, a PRBS is driven into the transmitter input path when TESTO is low. This PRBS proceeds through 
the normal transmit path, including the B3ZS encoding function, to DOUT (if DSXDIS is high). From DOUT, the signal 
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can be looped back to the receiver (DI1 or DI2) via an external capacitor, where it can be passed through normal receiver 
functions to the output (RP/RD and RN). BIST goes low if an invalid bit pattern is detected near the receive-channel 
output. 


The TNETS2021A also provides an alternative terminal-side loopback mode that tests many device functions without 
the need for the external capacitor. When TEST1 is low, transmitter-input signals (TP/TD and TN) are routed to receive 
outputs RP/RD and RN by the way of the transmit input, transmit B3ZS encoding, receive-clock recovery, receive B3ZS 
decoding, and receive-output functions. This loopback mode provides increased testability over the normal 
terminal-side loopback. Because this loopback mode can be exercised with or without the PRBS self test, it is not 
independent of the normal line-side and terminal-side loopback methods. When TEST1 is low (enabling this loopback 
path), it is recommended that both TRLBK and LNLBK be held high. 











Summary of Experimental Data 


Jitter Performance 


Preliminary tests on the TNETS2021A have allowed jitter performance to be qualitatively characterized. Typical data 
from such tests follows. This information is for reference only and is not intended to be used as precise performance 
parameters for these devices. Although the data was taken on the TNETS2021A, results are also applicable to the 


TNETS2020A. 


Receiver-Jitter Tolerance 


Receiver-jitter tolerance data is shown in Figures 8 and 9. The device meets DS-3 jitter-tolerance requirements (as 


specified in Bellcore TR-TS Y-000499) for both Category I and Category II equipment (see Figure 8). The flat tolerance 
from 10 Hz to 40 kHz results from an overrange condition in the test equipment. Actual jitter tolerance in this range 
exceeded 20-UI peak-to-peak. For STS-1, jitter-tolerance requirements (as specified in Bellcore TR-NWT-000253) are 
exceeded (see Figure 9). 


10 feo 


01 = 


Peak-to-Peak Sinusoidal 
Input Jitter Amplitude — Unit Interval 





0.01 
10 100 1k 10k 100k 1M 
f — Frequency — Hz 
Test setup: 
Instrument: HP3784A Transmit interface: XCON 75 B3ZS Receive interface: Binary TTL 
Temperature: Room Transmit clock: Standard rate DS-3 + 0 ppm Receive clock: DS-3 
Supply: 5V Transmit pattern: | PRBS 15 zero substitution 000 Receive pattern: As per transmit 
Filtering: None Receive hit threshold: 0.500 UIP 


Figure 8. DS-3 Receive-Jitter Tolerance Measurement 
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Figure 9. STS-1 Receive-Jitter Tolerance Measurement 


Jitter Transfer 


DS-3 jitter-transfer data for the receiver and transmitter sections of the TNETS2021A is shown in Figure 10. The device 
did not (and was not designed to) meet the TR-TS Y-000499 jitter-transfer requirements (< 0.1 dB) for Category II 
equipment (regenerators). TR-TS Y-000499 does not impose requirements for Category I equipment of this type. Such 
requirements are application dependent. | 


Jitter-Transfer Gain —dB 


ul I mail AT as 


10 100k 1M 
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Test setup (receive-jitter testing; transmit-jitter testing is similar): 


Instrument: HP3784A Jitter input: 0.75-Ul peak to peak Receive interface: Binary TTL 
Temperature: Room Transmit interface: XCON 75 B3ZS Receive clock: DS-3 

Supply: 5V Transmit clock: Standard rate DS-3 + 0 ppm - Receive pattern: As per transmit 
Filtering: 10-Hz HP Transmit pattern: PRBS 15 zero substitution 000 Receive hit threshold: 0.500 UIP 


Figure 10. Jitter-Transfer Measurement 
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Jitter Generation 


No plots of jitter generation are currently available. Initial DS-3 tests have found receiver-jitter generation to be 
approximately 0.1-UI peak to peak. This value was measured in tests that exercised the normal receive-data path as well 
as tests that looped data from receiver inputs to transmitter outputs. These tests were performed under the following 
conditions: 

— Room temperature 

— 5-V power supply 

—~ 215 PRBS 

— HP3784A analyzer (with a 10-Hz high-pass filter) 


Similar testing found transmitter jitter to be approximately 0.05-UI peak to peak. This value was measured in tests that 
exercised the normal transmit-data path as well as tests that looped data from transmitter inputs to receiver outputs. 


References 
The following sources provide additional information regarding the operation of the TNETS2020A and TNETS2021A. 


Data Sheets 


The following data sheets provide detailed information on the TNETS2020A and TNETS2021A and are available 
through Texas Instruments contacts listed below. In the event of a conflict between the information in the following data 
sheets and the information presented in this application report, the data sheets take precedence. 


TNETS2020A Advanced STS-1/DS-3 Receiver / Transmitter 
Product Preview 
SDNSOO6C — Revised December 1994 


TNETS2021A Advanced STS-1/DS-3 Receiver/ Transmitter 
Product Preview 
SDNS018B — Revised December 1994 


Standards 
The following standards are pertinent to the operation of these devices. 


ANSI T1.102-1989 Digital Hierarchy — Electrical Interfaces 
1989 


TR-TS Y-000191 Alarm Indication Signal Requirements and Objectives, 
Issue 1, May 1986 


TR-TS Y-000499 Transport Systems Generic Requirements, 
Issue 3, December 1989 


TR-NWT-000253 SONET Transport Systems: Common Generic Criteria, 
Issue 6, September 1990 


CCITT Rec G.703 Physical/Electrical Characteristics of Hierarchical Digital Interfaces, 1985 
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Contacts 


ASL hotline (214) 997-5202 
SONET / ATM marketing: 
David Copeland (214) 997-5260 
Steve Plote (214) 997-5214 
Chris Reed (214) 997-6070 
Jackie Wetzelt (214) 997-5897 
SONET / ATM data sheets: 
Chris Taylor (214) 997-5211 
SONET / ATM technical: 
Rick Curtis (903) 868-5628 


Kurt Himmelreicht (903) 868-5665 
Anders Oldeback (903) 868-7971 
Carlos Valdivia (903) 868-5716 


¥ Primary TNETS2020A/TNETS2021A contacts 
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TNET ORDERING INSTRUCTIONS 





Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 


TNET Ordering Instructions 


The networking capability of Texas Instruments ATM, SONET/SDH, and Ethernet™ devices has made it necessary 
to change the device prefix from TDC to TNET in the standard four-part type number used for factory orders. The 
following examples illustrate the use of the new prefix used in this data book. Factory orders for the devices should 
include a four-part type number. 


The historical TMS380 and T1380 products are not affected including the C16/C24/C26/C27/C30/C60/SRA/FPA and 
TMS38054 products. All other products adhere to the following four-part type number. 


Examples are: 


TNETA1500PCM replaces TDC1500PCM TNETA1555DW replaces TDC1555DW 
TNETS2302CFN replaces TDC2302CFN TNETE100 replaces TI380C100 


EXAMPLE: TNETA 1500 PCM R 
Prefix ef 
MUST CONTAIN TWO TO FIVE LETTERS 
TNET = TI Networking devices 


TNETA = ATM/SONET/SDH devices 

TNETE = ThunderLAN devices and derivatives 
TNETS = SONET/SDH devices 

XTNET = Prototype devices 


Unique Circuit Description 


MUST CONTAIN FOUR TO ELEVEN CHARACTERS 
Examples: 1500 





















Package 
MUST CONTAIN ONE TO THREE LETTERS 


DW = plastic small-outline package 
FN = plastic J-leaded chip carrier 
PGC, PCM = plastic quad flat package 


(from pin-connection diagram on individual data sheet) 


Tape and Reel Packaging 
Valid for surface-mount packages only. All orders for tape and reel must be for whole reels. 


MUST CONTAIN ONE OR TWO LETTERS 
LE Left embossed tape and reel (required for DB and PW packages) 
R Standard tape and reel! (optional for DW package) 
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ORDERING INSTRUCTIONS 





TNET Wafer-Lot Trace Code | 
The standard-lot trace-code formats are shown below for different wafer packages. 


20/24/28 DW AND DL PACKAGES All QFP/PLCC/MQUAD/BGA PACKAGES 
Symbolization Symbolization | 
SS 7 igo ess 
| ij TNE TAXxxx | | th : 
l ymillis | l | l 
| fffffffirwwt — x | | TNETA1500PCM | 
pee ra eee Oa | | ymillis | 
fffffffrwwt — x : 
where: 


ymillls = standard-lot trace-code format. Use yymm format if lot 
trace code is not available (INDY, ASIC assembly, etc.) 


fffffff = 7- digit wafer fabrication lot number 
r = alphabetic die revision 


ww = 2-digit wafer number (implies that each wafer is built on a separate SWR) or use XX 
when the wafer number does not apply 


-_ 
| 


material type: 
N — nominal material 
L — Low material 
H — high material 
X — don’t care 


—X prototype designation (only for prototype) 


Some examples: 


TNETA1630: TNETA1630DW 
ymillis | 
4294883X21H (lot #4294883, no-revision die, wafer 21, high material) 


SABRE: TNETA1500PCM 


ymillls | : 
4342996HO3L (lot #4342996, H-revision die, wafer 03, low material) 
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TNET ORDERING INSTRUCTIONS 


ST a a a ER IS a Na SO IIE TIED TG TIT SOOT RAI TR TTS IEEE 
Factory orders for circuits other than TNET described in this data book should include a four-part type number as 
explained in the following example. 
EXAMPLES: SN 74ACT7808 FN 
SN 74ABT7819 PH R 


Prefix Ss 


MUST CONTAIN TWO TO THREE LETTERS 
SN = Standard prefix 
SNJ = 
MIL-STD-883 processed and 
screened per JEDEC Standard 101 


Unique Circuit Description 


MUST CONTAIN EIGHT TO ELEVEN CHARACTERS 


Examples: 74GTL16612 
74FB1650 
74ABT7819 
































74ABTE16245 





Package 
MUST CONTAIN ONE TO THREE LETTERS 


DW = plastic small-outline package 

DL = plastic shrink small-outline package 
DGG = plastic thin shrink small-outline package 
FN = plastic J-leaded chip carrier 

HQA = ceramic quad flat package 

PH = JEDEC metric plastic quad flat package 
PQ =  JEDEC plastic quad flat package 

PM, PN, PAG 

PAH, PCA, PCB, 

PGE, PGF = Plastic thin quad flat package 

PCM, PGC, RC = plastic quad flat package 

WD = ceramic flat package 


(from pin-connection diagram on individual data sheet) 
Tape and Reel Packaging 


Valid for surface-mount packages only. All orders for tape and reel must be for whole reels. 


MUST CONTAIN ONE OR TWO LETTERS 
LE Left embossed tape and reel (required for DB and PW packages) 
R Standard tape and reel (optional for DW package) 
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8-6 


MECHANICAL DATA 





DGG (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 


48 PIN SHOWN 
ade ii pw 
A MIN 12,40 | 13,90 | 16,80 


0,15 NOM 


Gage Plane " 


+ ta 4 


4040078/B 10/94 





NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
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MECHANICAL DATA | | 





DL (R-PDSO-G**) — | PLASTIC SMALL-OUTLINE PACKAGE 


48 PIN SHOWN 


0.380 | 0.630 | 0.730 
(9,65) | (16,00) | (18,54) 


0.025 (0,635) 

: 0.012 (0,305) A MIN 0.370 | 0.620 | 0.720 

, Rasch Arca : (9,40) | (15,75) | (18,29) 
0.008 (0,203) waite LIEU) 


A MAX 


0.006 (0,15) NOM 


0.299 (7,59) 
0.291 (7,39) 


0.420 (10,67) 
0.395 (10,03) i Gage Plane 
a 0.010 (0,25) 


0.040 (1,02) 
0.020 (0,51) 


TCT +. seating Ptane 


— 0.110 (2,79) MAX 0.008 (0,20) MIN | | | 0.004 (0,10) 





4040048/B 10/94 





NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. © 
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 
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MECHANICAL DATA 


MSOI003 - OCTOBER 1994 


DW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 


16 PIN SHOWN 
Seen ee 
| -<-| 0.010 (0,25) (M) 0. wt 0.510 ie a 0.710 
i 0.014 (0,35) A MAX (12,95) (18,03) 
A MIN 0.400 0.500 0.600 0.700 
| (10,16) | (12,70) | (15,24) | (17,78) 


0.419 (10,65) 
0.400 (10,15) 


0.299 (7,59) 0.010 (0,25) NOM 
0.293 (7,45) 


Gage Plane 


E 0.010 (0,25) 


0.050 (1,27) 
0.016 (0,40) 


sorzcose | [Taam ETO, 
0.104 (2,65) MAX oor2(0.00) f | | 0.004 (0,10) 


0.004 (0,10) 





4040000/B 10/94 





NOTES: A. All linear dimensions are in inches (millimeters). 

This drawing is subject to change without notice. 

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 
Falls within JEDEC MS-013 


90m 
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MECHANICAL DATA 


MPLC004 —- OCTOBER 1994 


FN (S-PQCC-J**) | | PLASTIC J-LEADED CHIP CARRIER 
20 PIN SHOWN | oe 


Seating Plane 
| <s| 0.004 (0,10) 


0.180 (4,57) MAX 
0.120 (3,05) 
0.090 (2,29) 

0.020 (0,51) MIN 


0.032 (0,81) 
0.026 (0,66) 


D2/E2 


— 

\) | 
at | 0.021 (0,53) 
. 


— 


— 

a 
Re ee 
—F 

7 i as 

Led 


u 


0.050 (1,27) 


0.008 (0,20) NOM 


0.013 (0,33) 


_ 


0.495 (12,57) 0.456 (11,58) | 0.191 (4,85) 0.219 (5,56) 
ae [ores 195) | a7e5 07] 0760 (805) | 0756 920) | 030) | 0209 67 
ex [ose sy [a9ss esr [0950 ay | ase aean [aan | 9450199) 


4040005/B 10/94 





NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS-018 
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MECHANICAL DATA 


OCTOBER 1994 


HQA (S-GQFP-F100) CERAMIC QUAD FLATPACK 





1.30 (33,02) SQ 


1 


88 [| 0.025 (0,64) 


0.011 (0,28) | 


—<= 
ae 0.009 (0,22) 
== ff 


_ == +64 


0.679 (17,25) 


0.655 (16,64) = 


0.123 (3,12) MAX 
0.173 (4,39) MIN 


__¥ 


0.006 (0,15) MAX i 


4040004/B 10/94 


Seating Plane 


0.008 (2,03) 
0.054 (1,38) 





NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. The 0.05-inch lead spacing configured with straight leads for surface-mounting capability. 
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MECHANICAL DATA 





PAG (S-PQFP-G64) : PLASTIC QUAD FLATPACK — 


wall alr 
33 


0,13 NOM 


es 7,50 TYP a 


10,20 
9,80 = 


12,20 


11,80 a 


eee ee Saeeeees, 
SCIUUUOUU UNDO. \__¥ Seating Plane 


1,20 MAX 
4040282/B 10/94 





NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-136 
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MECHANICAL DATA 


MTQF005 - OCTOBER 1994 


PAH (S-PQFP-G52) PLASTIC QUAD FLATPACK 


39 27 
HHH HH HE 


: 0,13 NOM 
1 


13 
—_— 7,80 TYP — 


10,20 ‘|| Gage Plane 
9,80 

12,20 

11,80 0,05 MIN 


EAR ae ee aay SEER 
wl Ne Seating Plane 
1,20 MAX 


4040281/B 10/94 





NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-136 
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MECHANICAL DATA 


OCTOBER 1994 | 


PCA (S-PQFP-G100) , _ PLASTIC QUAD FLATPACK (DIE-DOWN) 





0,13 NOM 


Sasa EARL SINT SO 
LUT} Seating Plane 


1,60 MAX 
4040288/ B 10/94 





NOTES: A. All linear dimensions are in millimeters. 

. This drawing is subject to change without notice. 

. Thermally enhanced molded plastic package with a heat slug (HSL) 
. Falls within JEDEC MO-136 


.90O8 
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MECHANICAL DATA 


OCTOBER 1994 


PCB (S-PQFP-G120) PLASTIC QUAD FLATPACK 





0,13 NOM 


! Eee ETRY EIS 
- ame, RN ALAA AAAAAAAAAUAUAUAGAGUGARERUQAGAOCUUUEUAUAUAGUCEY (2) a Seating Plane 


1,60 MAX 
4040202/ B10/94 





NOTES: A. All linear dimensions are in millimeters. 

This drawing is subject to change without notice. 

Falls within JEDEC MO-136 

Thermally enhanced molded plastic package with a heat slug (HSL) 


00Op 
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MECHANICALDATA | | | 


OCTOBER 1994 


PCE (S-PQFP-G***) : PLASTIC QUAD FLATPACK 
144 PIN SHOWN 





22,75 TYP 
25,35 TYP 


4040237/B 10/94 





NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Thermally enhanced molded plastic package with a heat spreader (HSP) 
D. Falls within JEDEC MS-022 

E 


. The 144 PCE is identical to the 160 PCE except that four leads per corner are removed. 
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MECHANICAL DATA 


MQFP022 ~- OCTOBER 1994 


PCM (S-PQFP-G***) | PLASTIC QUAD FLATPACK 
144 PIN SHOWN 


an 
aaa 


0,16 NOM 


4,10 MAX 


4040024/B 10/94 





NOTES: A. Alllinear dimensions are in millimeters. 

This drawing is subject to change without notice. 

Falls within JEDEC MS-022 

The 144 PCM is ideritical to the 160 PCM except that four leads per corner are removed. 


OOD 
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MECHANICAL DATA 





PGC (S-PQFP-G240) | PLASTIC QUAD FLATPACK 


32,20 
31,80 
34,80 
34,40 
0,25 MIN 


0,75 
0,50 


a ee 
Ne INI |.) y seating Pane 





4,20 MAX 


4040026/B 10/94 


NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
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MECHANICAL DATA 





PGE (S-PQFP-G144) PLASTIC QUAD FLATPACK 


0,13 NOM 


17,50TYP. ——————>| 


20,20 
<“<—— SQ 
19,80 


22,20 
21,80 


SQ 


Seating Plane 


1,60 MAX 


4040147/B 10/94 





NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-136 
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‘MECHANICAL DATA 





PGF (S-PQFP-G176) | PLASTIC QUAD FLATPACK 





0,13 NOM 


3 eae aT NEO TSI ERE LE 
as JOU Seating Plane 


1,60 MAX 


4040134/B 10/94 


NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-136 
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MECHANICAL DATA 





PH (R-PQFP-G80) PLASTIC QUAD FLATPACK 


14,20 18,00 
1 Cee 13,80 17,20 


|¢————___——- 18,40 Typ > 0,15 NOM 
20,20 
19,80 
24,00 
23,20 


Gage Plane 


2,70 TYP 1,10 


Jnenetieerac 2c, ™ 
ACCC feta 


3,10 MAX 
4040011/B 10/94 





NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
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MECHANICAL DATA 





PM (S-PQFP-G64)__ | PLASTIC QUAD FLATPACK 





0,13 NOM 


—— 750 — i. iz = Gage Plane 


10,20 
9,80 °° 
12,20 


oe 0,05 MIN 
11,80 ~e 


aacneermasensses sm 
CTO |p —_Seating Plane 


1,60 MAX 





4040152/B 10/94 


NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-136 
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MECHANICAL DATA 





PN (S-PQFP-G80) PLASTIC QUAD FLATPACK 


0,13 NOM 


[| 
pees 9,50 TYP soesawail i iF Le Gage Plane 


2, 
12,20 64 


11,80 0,05 MIN 


aueunensenrcomeenenesne in: Mi 
* PAU Seating Plane 


1,60 MAX 


4040135 / B10/94 





NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-136 
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MECHANICAL DATA 





PQ (S-PQFP-G**") PLASTIC QUAD FLATPACK 
100 LEAD SHOWN 


Soe ao, LO L0-008 (0.18) @ 
0.008 (0,20) a 


LZ] D3” sQ 


0.150 (3,81) 
0.130 (3,30) 


0.006 (0,16) NOM 


Gage Plane 
"~D1 9 SQ 


"D” SQ 


"D2" SQ 0.020 (0,51) MIN 


0.046 (1,17) 


ag. 0.036 (0,91) 
| Seating Plane 


a 
| <a] 0.004 (0,10) 


MAX 0.890 (22,61) 4,090 (27,69) 
0.870 (22,10) 1.070 (27,18) 
MAX 0.766 (19,46) 0.966 (24,54) 


0.734 (18,64) 0.934 (23,72) 
"Do" MA 0.912 (23,16) 1.112 (28,25) 


0.888 (22,56) 1.088 (27,64) 
0.600 (15,24) 0.800 (20,32) 


| , 4040045/B 10/94 





NOTES: A. All linear dimensions are in inches (millimeters). 
7 B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-069 
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MECHANICAL DATA 





RC (S-PQFP-G52) | PLASTIC QUAD FLATPACK 


0,16 NOM. 


Gage Plane 


7 
7 


0,05 MIN 


seueerimencroaas oxy 
SALUT Seating Plane 


2,45 MAX 





4040151/ B 10/94 


NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS-022 
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MECHANICAL DATA 


OCTOBER 1994 


WD (R-GDFP-F**) i CERAMIC DUAL FLATPACK 
48 PIN SHOWN 


0.120 (3,05) 
0.075 (1,91) 


0.005 (0,13) NOM 


a 630 Se 730 
(16,00) (18,54) 
0.610 0.710 
(15,49) (18,03) 


- 1.200 (30,50) 
0.950 (24,13) 


0.390 (9,91) 
0.370 (9,40) | 


+ 


plone 
i 


& 0.010 (0,25) TYP | 


ead 


1 


nm 
oi 


— 4040176/B 10/94 





NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 
D. Index point is provided on cap for pin identification only. 

E. Falls within MIL-STD-1835: GDFP1-F48 and JEDEC MO-146AA 


GDFP1-F56 and JEDEC MO-146AB 
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NOTES 





NOTES 





NOTES 
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[61] 2-910-3100, Fax 2-805-1186; Melbourne 3-696-1211, Fax 3-696-4446, 
BELGIUM: Texas Instruments Belgium S.AJN.V.: Brussels [32] (02) 726-75- 
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Ottawa (613) 726-3201; Toronto (416) 884-9181. 
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8691, Fax 052-583-8696; Ishikawa 0762-23-5471, Fax 0762-23-1583; 
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KOREA: Texas Instruments Korea Ltd.: Seoul [82] 2-551-2800, 
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Zeus, An Arrow Company 
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Important Notice: Texas Instruments (Tl) reserves the right to make changes to or to discontinue any product 
or service identified in this publication without notice. TI advises its customers to obtain the latest version of the 
| relevant information to verify, before placing orders, that the information being relied upon is current, 
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applicable at the time of sale in accordance with TI's standard warranty. T! assumes no liability for applications 
assistance, software performance, or third-party product information, or for infringement of patents or services | 
described in this publication. TI assumes no responsibility for customers’ applications or product designs. 
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